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REMARKS/ARGUMENTS 

Claims 26-44 are pending. While Applicants believe tiiat none of the cited references 
shows that leflmiomide products are efScacious for treating viral infection. Applicants have 
amended claim 26 to exclude hepatitis and AIDS solely to expedite prosecxition. Support for this 
amendment in the form of reference to hepatitis viruses and HIV as separate categories of viruses 
is found throughout the application, e.g. at page 16, lines 14-15 and page 1 S, lines 10-1 L 

Independent claim 34, as amended, addresses combination therapy of vira) infection 
using leflunomide product and a pyrimidine. Support for the amendment to claim 34 is foxmd, 
e,g,, at page 1 6, lines 5-7 and page 20, lines 1-6. Support for the exemplary pyrimidines listed in 
new claims 41-42 is found, e.g., at 20, lines 14-15, 

Support for the amides of malononitriles as described in claims 37 and 43 is fotmd at 
page 19, line 2. Exemplary malononitriles are shown at page 19 and in U,S, Patent Nos. 
4,087,535 and 5,519,042, which were specifically incoiporated by reference into the present 
specification at page 1 S, lines 16-17. The specification has been amended to insert the text from 
col 2, line 33 through col. 3, line 9 of U.S. Patent No. 5,519,042 (describing leflunomide 
products of formulas I and 11) that was incorporated by reference. Support for the formula 
recited in claims 38 and 44 is found in formula 11 which was added to the specification by this 
amendment. 

Applicants thank Examiner Wang for the courtesy of the telephonic interview kindly 
granted to the undersigned on February 21, 2006, during which the amendment to claim 26 and 
the nonobvicusness of the combination therapy of claim 34 was discussed. Although agreement 
was not reached as to patentability, the Examiner agreed to consider Apphcants* amendments 
and arguments. 

The rejection under 35 U.S.C. 1020) over Weithmanri is moot in view of the amendment 
to clahn 26. Regarding the rejection under 35 U.S.C. 103 over Weithmann and Flamand et al. 
Applicants respectfully submit that the combination of these two references is not proper and 
moreover does not render the claims obvious for the following reasons: (1) one of ordinary skill 
in the art is not motivated to administer an immunosuppi essajit such as leflunomide to treat 

infection because a non- suppressed munune system is desirable to combat infection, (2) Flamand 

et al. does not show that IL-1 beta levels are actually elevated or (even if elevated) deleterious in 
animals infected by herpesvirus, (3) the cited art provides no reasonable expectation of success 
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that leflunomide would in fact have a beneficial effect on IL^l beta levels in animals infected by 
herpesvirus, (4) neither reference teaches the unexpected effects on viral virion assembly 
demonstrated by Applicants, and (5) neither reference teaches one to administer an amount 
effective to inhibit viral growth. Although the Examiner has taken the position that optimization 
of dosages is routine, it is not obvious to optimize a dosage to achieve an effect (inhibition of 
viral growth rather than effect on IL-1 beta levels) that is not known or suggested in lie cited art. 

In contrast, Applicants have shown in the specification that leflunomide products inhibit 
viral growth of a munber of different viruses in vitro. Applicants have confirmed in vivo activity 
in Example 7, which shows that administration of leflunomide to rats infected with CMV 
reduces their viral load. See also Waldman et al., Intervirology, 1999;42(5-6):412-8, "Inhibition 
of cytomegalovirus in vitro and in vivo by the experimental immunosuppressive agent 
leflunomide" [Exliibit A hereto]. 

For these reasons, claim 26 and all claims 27-33 and 43-44 dependent thereon are 
believed to be patentable. 

AppUcants respectfully request that the Examitjer consider patentability of the 
combination therapy claims 34-42 on a separate basis in view of the unexpected effects of the 
combination disclosed in the instant application, and in view of the claim*s exclusion of antiviral 
nucleoside analogs that do not enhance serum levels of uridine, cytidine or thymidine. Claim 34 
was rejected under 35 U.S.C. 103(a) over Coghlan et al. in view of McChesney et al. and 
Hammer. It was the Examiner's position that Hammer teaches that pyrimidine compounds are 
known anti-viral agents, and that it would be obvious to combine two anti-viral agents. As noted 
above, Apphcants believe the Examiner is mistaken in his belief that the art teaches the anti-viral 
effect of leflunomide products. However, even if one assumes for the sake of argument that the 
art does contain such a teaching. Applicants respectfully submit that the Examiner is mistaken in 
his interpretation of what is disclosed in Hammer. 

Hammer teaches the anti-HIV effects of nucleoside analogs, which do not enhance serum 
levels of pyrimidines (uridine, cytidine or thymidine) as recited in claim 34 and thus are a 
differed category of compounds. As noted in the specification at page 20, lines 12-14, 
compounds that enhance serum levels of pyrimidines are compounds useful either directly or as 
intennediates in pathways for supplying pyrimidines. Li contrast, anti-retro viral nucleoside 
analogs act by binding to reverse transcriptase, thereby inhibiting viral DNA synthesis by chain 
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teimmation. Thus, the basis for their anti-retroviral activity is their ability to act unlike natural 
nucleosides, and this anti-retroviral activity is accompanied by toxic effects that are reversible by 
administration of selected natural pyrimidines. See Sommadossi et al., Antimicrok Agents 
Chemother 32(7): 997-1001 (1988) and Walker et al., Antivir, Ther. 10 suppL 2:M117-23 (2005) 
(abstract) [Exhibits B and C hereto, respectively], which disclose that uridine can reduce the 
toxic effects of administering nucleoside analog reverse transcriptase inhibitors. 

Thus, Hammer^s disclosure with respect to nucleoside analogs teaches nothing with 
respect to the pyrimidine compounds recited in claim 34. Moreover, Hammer contains 
absolutely no suggestion that tuidine, orotic acid or orotidine recited in claims 41-42 have anti- 
viral activity. For these reasons, it would not be obvious to administer a pyrimidine that 
euhances serum levels of uridine, cytidine or thymidine to a person suffering from viral infection 
according to claim 34, 

Moreover, such combination therapy is also unobvious because of the unexpected results 
of the combination, Le, the reduction in the toxic side effects of leflunomide product. See page 
20, lines 1-6. Evidence confirming these unexpected results is found, e.g., in Chong et aL, 
Transplantation, 1999 Jul 15;68(l):100-9 [Exhibit D hereto], which states in the abstract tliat: 

Toxicities associated with hi^dose leflunomide (35 mg/kg/day) were anemia, 
diarrhea, and pathological changes in the small bowel and Jiyer, These toxicities 
■were significantly reduced by uridine co-administration. PEmphasis added.] 

WO 2006/014827 [Exhibit E hereto] shows that another pyrimidine, orotic acid, also 
reduces the toxic side effects of leflunomide. The present application shows that the reduction in 
toxic side effects produced by pyrimidine administration docs not interfere with the anti-vital 
activity of leflunomide product. Example 2 of the specification at pages 26-27 indicates that co- 
treatment of virally iixfected cells vrith A771726 and uridine did not interfere with the anti-viral 
activity of A771726 because infectious virus production was not sigaificantly reconstituted in the 
presence of uridine. 

All claims 35-42 which depend fi-om claim 34 are believed to be patentable for similar 
reasons. If the Examiner believes that a telephonic interview would expedite prosecution, the 
Examiner is encouraged to contact the undersigned. 
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No additional fees are believed to be necessary in connection with the present 
Amendment. However, the Commissioner is hereby authorized to charge any fees due or 
deficiency in the fees submitted to our Deposit Account No. 13-2855, under Order No. 
28385/35415. 

Respectfully submitted, 

MARSHALL, GERSTEIN & BORUN LLP 

February 27, 2006 



en Rin-Laures, iu5] 



Li-Hsien 
Reg. No. 33,547 
Attomey for Applicant 
6300 Sears Tower 
233 S- Wacker Drive 
Chicago, Illinois 60606-6357 
(312) 474-6300 
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and in vivo by the Experimental 
immunosuppressive Agent Lef lunomide 
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rently attenuate a major complication of immunosup- 
pression, CMV disease, by a novel mechanism of antivi- 
ral activity^ 



Abstract 

Despite progress In antiviral chemotherapy^cytorriegalo- 
vims (CMV) remains a major cause of morbidity and 
mortality among pharmacologically immunosuppr^ed 
cransplant recipients, frequently engaging the^linician in 
a struggte to balance graft preservation with control of 
cm disease. Leflunomide, an inhibitor of protein kinase 
activity and pyrimidine synthesis. Is an experimental 
immunosuppressive agent effective again^ acute and 
chronic rejection in animal models. Herein we sumrria^ 
rize our recent studies demonstrating that leflunomide 
inhibits the production of multiple clinical CMV Isolates 
(including multi-drng-r^sistant virus) in both human fi- 
broblasts and endothelial cells. In contrast to all other 
antl-CMV drugs currently in use, leflunomide does not 
inhilMt viral DNA synthesis, but rather appears to inter- 
fere with virion assembly. ^Finally, preliminary studies in 
a rat model ^ggest that this agent reduces viral load in 
vivo- These findings imply that leflunomide, an effective 
rmmunosuppressive agent, shows potential to t»ncur- 



Introduction 

Despit* >yidespread prevatawc, cytomegalovirus 
iCMV) infection is rar-dy of ^igniHcam oonsequctMre m 
the healthy individual with a-competcnt immune'syst^ni" 
However, tht progression of the AIDS -epid^C aad 
experience with the rapidly growing population x)f tiaivs- 
pltot tccipicnts emphasize that this p-heipesyirusxjan J)e 
clinically problematic amoag immunosupptessedpopida- 
tiojis. HrV4nduced -erosion t)f tsellular immunity pro- 
motes Fcactivation of wdogenons latent CMV in AIDS 
patients and readers them highlysusceptibleto wP^o^" 
atic ^primary infection. Pharmacologic immuno^uppFes- 
sioji required for preservation oraiiogralt integrity;^^" 
larly disables host defenses irt-traffSplant recipients. Thus, 
despite relincroems in therapeutic intcf/ention in these 
patients, CMV remains a^outceof adiverseeonsteUatiOn 
ofserious, often life^feateningcomplicaUors, in^jluding 
interstitial pneumonitis, diffuse gastrointestinal mucosal 
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ulceration, hepatitis, and Ktinit.s, a. weU as destniCt.ve 
inflammatory lesions in a variety of other locations [I]. In 
addition, several studies have suggested a role for this 
virus CIS acoiittibuting factor in allograft rejection ^ 3]. 

Currently, three compounds, ganciclovir (GVC), fos- 
carnet (PFA) and cidofovir. are approved tor clinical use 
in the control of CMV disease, none of which are free of 
Idxic side effects. Drug-associated niyelosuppression, 
Uabolic to^^icity, a«d nephrotoxicity limit the »Be of 
these agents in a significant number of patients 14-6]. 
Although specific mechanhitis of atrtion vary among these 
compounds, all three ultimately act by inhibition of viral 
DNA synthesis, either by impeding chain «longa«on fol- 
lowing incorporation into nascent strands [4, 71, or by 
direct binding to viral DNA polymerase [6] « « not sur- 
orising. ihertfore, that clinical strains of CMV have 
emerged which ejdiibit resistance to one or more of these 
dr<j^ [8-10]. aearly there remains a need for develop- 
ment of additional therapeutic approaches. 

Leflunomidc [N'(4-trifluoromethylpb6nyl)- methyl - 
5sox8zol-4x5atboxamide; HWA 486] is an experimental 
immunosuppressive agent with demonstrated effectivc- 
nessin the prevention and reversal of acute allograft rejec- 
tion in rats and dogs [1 1, 1 2], as v,ell as in the reversa^ of 
chronic ftaection when combined with cyclospovifle 113]. 
Jt has also been shown to be effective against rat and 
murinegi'aft-versus-hosi disease and against aotoimmHne 
disease in animal modds{14]. Leflunomide has recently 
been approved for treatment of rheumatoid arthritis, and 
. has been well tolerated in cunent phase I elimeal trials m 
human transplant recipients [Dr. James W. WJliams, 
Rush presbytCTian St. Luke's Medical Ctatcr, Chicago, 
iiL pc«. commun.]. this isoxazol derivative is metabo- 
lized to its active form, A77 1726 [N^4-trifluoroinethyl- 
phenyl>2HByano-3^bydxoxyciiotoamide), which is struc- 
turally unique among established immunosuppressive 
agents [14J. This metabolite exhibits two known mecha- 
nisms of action: inliibition of protein tyrosine kinase 
activity [15], and inhibition of dihydtfwrotate dehydroge- 
nase, a key enzyme in the biosynthesis of pyiimidme 
nudeoUde triphosphates (pyNTT)Il6]. However, neither 
the complete spectrum of kinases targeted by leflunomide 
nor the specific contribution of wch of these functions to 
. its immunosuppressive activity in vivo has been fully 
resolved. Furtbcrmorc. additional mechanisms of activity 
may yet remain to be discovered. 

Based upon the fact that a number of CMV-encoded 
proteins are phosphoproieins, and that several CMV pro- 
= teins themselves poissess kinase activity [17], we specu- 
lated ihatprotein kinaseadivity maybe«senti&l in intra- 



cellular production of infectious virus. Thus we lested the 
hypothesis that letlmioiaide might exert inhibitory activi- 
ty against CMV in human fibroblasts and endothelial 
cells, common targets of CMV infection in vivo [18. 19]. 
As summarized below, 'w'e have shown that this is mdecd 
the case, and have further demonstrated the mechanism 
of viral inhibition by leflunomide to be uniqut among 
currently approved anti-CMV therapeutic agents. Finally, 
preliminary experiments in a tat model suggest that this 
agent is-capable of reducing viral load in vivo. 



Methods and Results 

Effect of Leflunomide upon ihe Production of 
Itifectious CMV in vitro 

Our 1iret«videne for an antiviral cfiett of leflunomide 
came from micioscopic observation of human umbilical 
vein endOthelial-ceU (HUVEC) monolayers inoculated at 
low titer with CMV VHUE, a clinical isolate jaopagated 
in HUVEC to preserve its naiur^ endothelial cytopatho- 
genicity [20), and incubated in the iiresence or absence of 
A77 ] 726 (2D0 jiJtf ), tlie active metaboliicof lennnOmide 
[14]. This isolate induces Dbviouscyiopatliiccha^e and, 
under normal circumstan'ces, disseminates by direct «ell- 
tjycell transmission generating widespread cytopathology 
over a period of several-day s. In the presence of A77 1 726, 
however, this restriction was dramaticdftf festricted [211 
Similar patterns of dissemination and A77 l726-me- 
diated restriction wereevi<Jent in huraaiifibroblast<HrF) 
monolayer! inoculated with clinical isolate P8 (isolated 
from bronchial alveolar lavage obtained ftom a -cardiac 
allograft recipient and propagated in HFF-cells [101). 

To quantitatively assess the impact of leflunomide 
upon the production of infisctious vims in HUVEC and 
HFF, we performed standard plaque reduction and vutiS 
yield assays in the presence of A77 1726 over atange of 
ooiTcentiations equivalent to those which have -been 
shown to attenuate immune activation by various stimuli 
in vitro {221, and equivalent to tor lessihan) wdHoteat- 
ed SCTum levels measured in leflunomide-treated experi- 
mental animals [23] and human tiUnical trial -sirf^s 
(270-450 fiM) [Dr. James W, WiUlaffls, unpubl. -dataj. 
Data generated by these experiments -demonstrated an 
A77 i726-mediated, dosfrdependent reduction in infec- 
tious virus production in both ^ types. The dose- 
response curvesxjfdinical isolate P8 in HFF andofolini- 
cal isolate VHUE in HUVEC did not dilfersigniGcantly, 
both indicating an lC,o of 40--60iiAf [21].Similar«says 
performed with CaviV vm/E and an additional clinical 



413 



4niiihiiVvnof CMV bviefUmomidc 

PAGEjSiei < RCVD AT 2/2712006 4:17:27 PM [Eastern Standard Time] ' SVR:USPT0-EF}(RF-S17 ' DNIS:2738300 ' CSID:312 474 0448 ' DURATION (min-$s):23'12 



isolate, BUR/E [24], in the presence of cyclosporiae A 
(CsA) or tacrolimus (FK 506), verified that neither of 
these commonly prescribed immunosupptessive agents 
possesses antiviral activity against CMV [21]. 

Eff&^t ofExoi^enous Uridine upon theAmmral 
Activity of L{>JIunoni.ide 

Two mechanisms have been identified for the activiiy 
of A77 1 726: inhibition of protein tyi-osine kinase activity 
[15], and inhibition of dihydTOOrotate dehydrogenase 
[16], a key enzyme in the biosynthesis of pyNTP. To 
deicrminfr whether reduction of intl-aceUular pyNTP 
pools was responsible for the antiviral effects of leflunom- 
ide, HUVEC were inocubted with CMV VHUB. then 
incubated for 4 days m the presence or absence of 200 ]xM 
All 1726, 200 \lM exogenous uridine, or both. Unin- 
fected HUVEC were included in each experiment as nega- 
tive controls. Following harvest, cells were exirafcted by 
methods described by Khym [23] and intracellular NTP 
levels were analyzed by hiBh-perfomiance liquid -chroma- 
tofiraplry. Small aliquots of cefls from eacli $roup wer« 
i^erved prior to extraction and assayed for virus ykld by 
plaque assay. 

Data generated by these experimenis demonstraied 
several trends, none of which reached statistical signifi- 
cance as determined by aMOVA. First, mtraocllular 
pyNTP levels were slightly reduced In untreat-ed CMV- 
tof ecied H U VEC as compared to uninfected control cells, 
but were not further reduced by A77 J 726 treatment. Sec- 
ond, the addition ijf ex(^enous uridine increased pyNTP 
levels both in the presence and absenceof A77 1 726. Most 
impoTtanily, howevcx, the addition of exogenous uridine 
did not significantly reconstitute infeafous virus produo 
don in A77 i726-treated, CMV-infected HUVEC [21]. 
Thus A77 1726onediated inhibition of CMV activity 
appears to be independent of the inhibitory effects of this 
agent upon pyNTp synthesis. 



Effecis ofUjlunomid^ upon CMV Gene Transcription 
and Proiein Expression 

We next sought to determine at whiph point in the viral 
replication cycle leflonomide exerts its inhibitory effects. 
Immediately upon viral entry of the host ceQ, CMV lower 
matrix protein pp65, a component of the viral tegument, 
translocates to the ceU nucleus. Although the nuclear func- 
tion of pp63 remains to be resoWed, another tegument 
protein, pp7 1 , which migrates in a similar manijer, acts in 
concert with cellular proteins to promote rapid transcript 
tion of immediate early (IE) viral 'genes. IE ^ene products 
are primarily regulatory, activating early ^e laranscrip- 



tion, whose products are essential for viral DNA replica- 
tion. Activation of late genes, which code primarily for 
structural protein components of the virion, occurs late in 
the replicative cycle and is dependent upon viral DNA 
r^lication[l7]. 

To localize potential A77 I72fi-induced lesions m this 
temporal scries of events, we first visualized a cross-sec^ 
tion of CMV proteins in A77 1726-treated CMV-infecced 
HUVEC by immunohistochemical staining with mono- 
clonal antibody (mAb) specific for pp65, 72 kD 1£1, w 
late structural glycoprotein B (gB). Staining patiems indi- 
cated that none of these viral proteins were prevented 
from being expressed in A77 l726^tr^t^ t^Us. Nuclear 
accumulation of pp65 was apparent in both untreated and 
A77 1726-treated monolayers within hou*s aRer inocula- 
lion^ implying that lellunomide interferes neither with 
viral entry, nor with nuclear translocation of pp65. Nu- 
clear lEl expression also appeared to be unaffected by 
A77 1726, Finally, typical fiB staining patterns were 
apparent «t 72-96 h after inoculation in both treated and 
untreated cultures. In contrast, infectedwWs trf-eated with 
PFA, an inhibitor Of CMV DNA polymerase, were unable 
^to^ress^B, whilei)p65 and IB I -expression in4hesc cul- 
tures was unimpeded [21], 

We next employed Northern blot analysis to determme 
wh^er A77 1726 quantitatively affected lEl or^tttui- 
■scription. T^tal cytoplasmic RNA was isolated from 
CMV-inoculated HUVEC incubated for 48 h in the ab- 
sence or presence of 200 A77 1726, 1 mM PFA, or 
UniAf ganciclovir (GCY). Each experiment also m- 
-cluded RNA isolated from uninfected HUVEC (as nega^ 
tive TOntrol). SecttophoteticaUy fractionated «NA was 
transferredio Nylon membranei^d ihybrtdbed to PP]- 
labeled probes spedtic for CMV lEl , CMV gB. or-ceHular 
GAPDH (as a loadingcontrol), and bands were visual iTsed 
by nutomdiography. The results demon^rated tbat^ in 
TX)ntm$t to PFA and GCV wjiich eoinplctcly ^uppiesscd 
^ transcription, A77 1726 had no apparent effect upon 
the transcription of -either XEl or^B [21], 



Effect ofUJtunomlde upon CMVmA Synthesis 
Sinceexpression oflate-stmctural -proteins ('such asgB) 
is dependent upon CMV DNA-peplication I J7], our im- 
n^unohrstochemical and Northern blot analyses^uggesied 
that, in contrast to currently used ami-CMV therapeutics, 
Icflunojnide does trot inhibit vii^ DNA •syntliesis. The 
potential noveUy of such an ahemRtive antiviral mecha- 
nism led us to employ three independent experira^nital 
approaches to test this hypotliEsis. First we me&uredthe 
incorporation of pHJthymidine in HUVEC or HFF 
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I «,hicb had been 100% infected with CMV VML/E or P«, 
^- cSiively and incubated for 36 h in the presence or 
^ t^ro • Wrious concentrations of A77 1726. While 
^^^S^i^Z^^ incorporation ^^C^^ 
Sis in a dose-dcpendeftt manner, no mhibilion was 
jAT^rfed in the oresence of A77 1726 [2 IJ. 
^''wet^tUr.ted dot blots of «naljy di,"^ DNA 
^- extracted fn,m P8-inTectcd HI*F or VHIVE-mrected MU- 
i .^C wiuchhad been incubated for4S h ^R^^'™^'^^'"^ 
' ^SelTence or absence of 100 ^ (HFF) or 2004^ 
• SlUVEC) A77 1726, or 1 mA/PFA. BlOts v'ere hybnd- 
;., S toVPM^it^led CMV-specific cDNA probe .nd vi- 
iu^Sd by iutoradiog^Phy. Th.se ^trf«.<leinon^ted 
. quantities of vi«.l DNA 5ynth«t«^ m CMV- 
nfeoted cells incubated in the preseace of A77 1 726 were 
approximately equivatent to those accumulated jn uo- 
Sted ittfecifid cells, la contrast, PFA-ti-eated cells con- 
no d£t«:tabk CMV DNA. ThP ^itoty of the 
probe was verified by the absence of hybridization to 
DNA extracted from uninfected cells [21]- 

FinaUy to directly test the effect ofleflv«onnide upon 

vital DNA polymerase, crude protein ^"tfa^^^Hu" 
oared from CMV-infected (or uninfected) HFF or HU- 
YEC. and viral DNA polymerase activity measured 
in the presence of various conpentratjous of A77 1726 by 
biochemical assay of eiizymeK:atalyzed incorporation o 
pStTP intonicWedtemplateDNA. While PFA reduced 
viri DNA polymerase activity in aconceirtrallon-depen- 
dent manner, A77 1726 Showed no detectable inhibitory 
activity even at concentrations whidi dramauc^ly re- 
duced plaque formation. Experiments Pffo^V^;'^ 
extracts prepared iiom CMV VHI/E or BUR^^mfccted 
HUVEC ox P8-infected Fibroblasts generated essentially 
• identical results. No enzyme activity was detected m 
attracts prepared from uninfwted cells [211. 

Eifect of Ujlunomide upon Vlrian Morphology 
Collectively, results of our immunohstodiemic^ 
staining, Northern blot analysis, viral DNA blots, an^ 
polymerase assays argue m favor of a icnunom.de-^i- 
aTed antiviral mechanism x^hich is unique with respect to 
other anii-herpesvirus compounds. Smce three of the ^ivc 
major CMV tegument proteins are pl'«P^°P^^™if J' 
we hypothesized that leflunomide-mediated inhibition of 
protein phosphoiylation nught disable processes fssem.al 
in the maturation and assembly of the complete viral par- 
ticle To address this issue, we employed transmission 
dec^u microscopy to directly examine 'i'^^^^'^^^^^- 
ss within A77 l726-tn3ated or untreajed CaiV-mtecicd 
cells at 4^7 days itter Inoculation. Sectron micrographs 



demonstrated typical herpesvirus capsids within the nu- 
clei of A77 l72€-tfeated cells, implyi*^ that neither nu- 
cleocapsidassembly nor viral DNA packaging « afteci^ 
by tbis^ent However, we observed profound differenc^ 
in the morphology of virions maturing m the cytoplasm. 
While tegument and external membrane were acqu.^d 
ivormally in untreated cells, viral particles appeatfed not to 
maturebeyond the lOO nm naked capsid stase m the pres- 
ence of A77 1726 [21]. 



Actmiy ofLejlunomide-tmnst MuUi-Drug-R^sismi 

M LenUy approved antbCMV ehemolberapies ^ 
cusupon inhibition of viral DNA ^ntheas. althougli^P!" 
^iHc mechanisms vary among different agents {4, 6. /J 
•ftee Discussion). Thus it is not surprisingthatwulti-resis- 
tantclinical st«tn^haveei««?ed (8-10]- Based uponour 
discovery of the apparently unique pvcchamsm of vira^ 
inhibition by leflunomide. we tested the hypothesis that 
this agent might «upptess activity of drugrresistani virus. 
CMV Strain P16 was isolated Trom <he-same patient as 
strain PS. However, unlike P8, Dl6 exhibitstesistaftceto 
GCV, ?FA, and -ddofovir [10]. Plaque reduction assays 
oerformed in HFFijultuires revealed^uivalent-serKitivi- 
tTof these two isolates to A77 1726 (TC50 - 40-60 if) 
[211 Thus leflunomlde-mediated inhibkion of produc- 
tion of D16 is independent of resistance « current «hni- 
cally applied cheraotherapeutic agents. 

Antiviral Aamy of Leflunomide in n^o 
TP Jetenniue the effectiveness oT leflunomide m the 
control of viral load in vivo.fiioupsof immunodeficient 
nude Hits were inoculated with ratCMV^RCMYMaas- 
tricht strain [27]. 10* pUque-ferming units/animal) and 
iTcated with either teflunoTnide (15 mgflcg/day Tor 14 
days). GCV (10 mg/Jcg/day for 5 days), or^e-frfee vehi- 
cle. Experiments also included uninfected control ani- 
mus. FoUowing euthanization at 14 days after inocda- 
tion viral in&cUon was confirmed by histologic observa- 
tion'of typical cytomegaUc ductal epithelium in ^aiiyary 
fllauds and further verilied by immunohistochcmicai de- 
tection of RCMV antigens in «iultiple tissues. Plaq»K 
assav-of tissue homogenates pi'epafed&Qm'salivary-glimd. 
,pleen,and lungxJemonstrated 75-99% reduction mv.rus 
yield in oi«ans tiarvesied ftt)m leflunomide^rrated am- 
mals and«5-99'«) reduction in those har^«ested ftomfian- 
dclo^if-tfsated animals. No vjrns weis ever racov«r«l 
Tiom uninfected control ^ats^^8^. Thus in atldhion to its 
in vitro antiviral activity, leflunomide is-capableof bkIuc- 
ing viral toad in vivo. 
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□iscusstqn 

Despite substantial progress in antiviral chcmOthei*apy 
and prophylaxis, CMV infection remains a signiFicant 
complicating factor in the clinical course of up to 50% of 
organ transplant recipients {H- Thus, fim tuning of phar- 
macologic immunosuppression to maintain a balance be- 
tween firaft preservation and control of CMV disease 
presents a persistent problem for thedinician. Results of 
the studies summarized herein suggest that leflunomide 
may help to alleviate this dilentma. Specifically, we have 
demonstrated that All 1726, the active metabolite of 
leflunomide, inhibits inf«:tious CMV production in a 
dose^ependent manner over a range of t:QiaceDtrations 
similar to those whiph inhibit in vitro Tcell activation by 
mitogenic or allogeneic stimuli [22]^ and equivalent to <or 
less than) well-tolerated serum levels measured in leflu- 
noinideHtreated experimental animals (23] and human 
.clinical trial subjects [Dr. James W. Williams, unpubl, 
data]. Similar patienis of vird inhibition were observed 
for each of 4 individual clinical CMV isolates, and in both 
human fibroblasls and human endothelial cells, common 
targets of CMV infection in vivo [18, i9l Furthermore no 
such inhbitory activity was observed foreither CsA or FK 
506 [21]. 

Which of the two known mechanisms of leflunomide, 
inhibition of pyrimidine syntliesis or inhibition of ptx>tein 
tyrosine kinase activity, contributes most s^iTicanUy to 
its immunosuppressive properties remains to be resolved. 
However, our-experiraents clearly show that the antiviml 
activity of thisagcnt cannot be attributed to a reduction in 
intratellular pyNTP pools plj. White previous Bturiies 
have demonstrated profound pyNTP depletion in IL*2- 
stimulated marine T 6ells{29] und murine Icufcemia cells 
[30] cultured in the presence of A?7 1726, we observed 
little if any A77 1726-associated CTP or UTP reduction 
in CMV-infected endoiheflial <:ells. Although these out- 
comes might -seem at fir^t contradictory, it should be 
noted that in those previous studies the murineoclls were 
vigorously proliferating prior to leflunomide treatment, 
Incontrast, HU VEC assayed in our exp«*iments were in a 
stationary, quiescent phase, Tlius, with the exception of 
viral DNA repliuation, minimal intracellular NTP con- 
sumption would be expected. We note that, although 
addition of exogenous uridine increased intxacelluhir 
pyNTP concentrations both in the presence and absence 
of A77 1726. it did not significantly peconstitut* infec- 
tious virus production in A77 l726-ti=eated, CMV-in- 
fected cells, nor did it-conect A77 1 726-assodated defects 
in viral particle asssembly {2 Ij. Hiese data aiguc against 



the hypothesis that pyNTP depletion is responsibiefor the 
antiviral activity of leflunomide. 

The results of our experiments directed toward identi- 
fication of specific viral processes targeted by leflunomide 
suggest mechanisms that are unique among ami-CMV 
therapeutic agents in use at present. GCV, currently the 
drug of choice fortbetreatment of CM V disease, is a<gua- 
nosine analogue which is monophosphorylated in in- 
fected cells by the protein product of tlie CMV UL97 gene 
[31, 32). Cellular kinases convert the monoplKJSphate 
form to a triphosphate which is then incorporated by 
CMV DNA polymerase mto the i^epUcating viral DNA 
where its presence inhibits chain elongation t4]. PFA has 
been used increasingly as an aUernatJveto GCV, in partic- 
ularwhen GCV resistance is^uspectedt^J. Thisagentalso 
inhibits CMV DNA replication but does so by •binding 
directly to<he viral DNA polymerase (6]. Cidofovir, the 
newest addition to the anti-CMV scrmameatarium^ re- 
cently al>pro\5ed for use in the control of CMV retinitis 
[33], is a monoph^sphtprylated cytctsine analogue wliich, 
like GCV, is further phosphorylated by xsellular kinases, 
ultimatdy inhibiting viral DNA^nthesis following incor- 
poration into nascent"Strands [7], 

In contrast to these agents <as well as several othera 
with -similar activities against other berpesviruses), our 
studies indicate that teflunomide does not inhfeit C^V 
DNA replication [211 This was initially .-fiuggested by 
immunohistochemical staining and Northern blot analy- 
sis demonstrating that A77 1726 had no ^iTcct upon 
expression of CMV late structural protein or tra:n(scrip- 
tion of its mRMA, both of which are dependent upon viral 
DNA synthesis. Subsequent nieaswemcntof-I^Hltfiy mi- 
dine incorporation by infected -cells, viral DNA dot blot 
analy^, and biochemical assay of viral DNA polynoerase 
activity, provided proof that indeed this agent ^xeas no 
inhibitory -effect upon the accumulation of viral DNA Oi' 
upon the ^tivhy of the enzyme. Rather, the major A77 
1726-medialced lesion in infectious virus production ap- 
peal's to -be in the process of maturation and assembly -of 
the •oom$>lete virion, specifically <as demonstrated by 
transmission electron microscopy) failut^ to acquire tegu- 
ment and external membrane in tbccytoplasni of infected 
cells [21). Although ^ittle is piesenlly known of the struc- 
rural ofganization of the CMV tegument, three Of the five 
major ttgimient proteins are phdsphoprtateins fpp]50, 
pp7I, pp65) [26\. Thus we speculate that by inhibiting 
protein phosphorylation, leflunomide may interfeUe with 
tegnment assembly. Experiments are currently in progress 
to test this hypoth^s and to identify specific proteins 
whose phosphorylation h inhibited by A77 1726. Out- 
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I' „^es of these studies may implicate ihis-compound as a 
\ Sol reasent in further investigations of mechanisms or 
Oirton maturation. ™,,r • 

V The emergence of di-ug-resistant variants of CMV m 
I ^.ooiise to autiviml agents increasingly complicaltjs 
r S^ent. Resistance to GCV is primarily due to muta- 
!>• »IfmoftheCMV UL97 gencwhich codes for the phospho- 
^" transferase ^sponsible for the initial raonophosplioi-yla- 
^ Za of this compound [3 1 , 32]. Several xjiffcrent muta- 
^' Sns have been reported, aUtjf which resuU in^ngteami- 
' rTcid substitutions or short deletions in the UL97 pro- 
^np«»dua [8]. In addition in the viral DNA polymerase 
^ene (UL54) resulting in single amino acid ■substitutions 
have also been detected in GCV-resistanl rsolates 18]. 
'Unlike GCV. PFA requires no anabolic proceiSing to 
eflable its binding to viral DNA polytnfirase [6] Tlius 
fesistarce to PFA appears to result orclusivfily from UL54 
mutations 16, 81 . Sini ilarly, the molecular basts for cidof^ 

vir rcsistancehas thus far been tracedexdwsively to 13L54 
. mutations 19]. WhUe the mechanisms of action of these 
agents vary in detail, all three ultimately target viral DNA 
tjoJymerization as a common endpomt. Moreover, it is 
not surprising that CMV variants which devetop restv 
tance to one of these drugs can Often exhibit resistance to 
others [8- 1 0]. It is also not surprising that lellunomide, as 
a consequence of its dislincUy diflfcteni mechanism of 
action, can exert inhibitory activity against drofr-i'esfstant 
CMV equal to that against drug-sensitive isolates. 

Leflunomide, recently approved for the treatment of 
riieumatoid arthritis, has beenshown to be<;t&cUve iathe 
prevention and tevefsal of acute and chronic aliograft 
lejection in several animal transplantation models [1 1- 
13] the reproducible success of those animal expen- 
meats and the documented low toxicity of this agent 134) 
have to its current status as a candidate iromunosup- 
pressant in phase T clinical trials in human transplant 
recipiente. Findings generated in ihecurrent invai^tiori 
indicate that leflunomide also possesses an additional 
unexpected beneficial property that distinguishes it from 
other immunosuppressive drugs: antiviral activity agamst 
CMV. Furthermore this agent, likely by virtue of its 
unique mechanism of action, shows equivalent effective- 
ness against CMV variants which have developed tesis^ 
tance to approved antiviral drugs. 

Remaining to be further substantiated, however, is 
whether leflunomide can exert antiviral -cfTects in vivo. 
Although additional studies aie needed, our preliminary 
experiments in a rat model indicate it ^ (28]. Should 
subsequent lame-^calc animal studies support these pre- 
liminary E»ults, this agent would show great potential m 



If- 



ihedinical setting. A-lthough it seems overly optimistic to 
expect leflunomide to provide a single drug solution for 
boili allograft rejection and CMV disease in the transplant 
recipient, an eiffective immunosuppressant that substan. 
Ually reduces viral load would greatly simplify treatment 
protocols employing traditional aniivisal agents. Specifi- 
cally, additive or synei^istic effeas between leflunomide 
andjQCV, PFA, or cidofovir could be ■expected to reduce 
the requireddosage and/or duration of tffeatmem, thereby 
feducing untoward side-effects. In ■summary, -by virtue of 
its low toxicity i;341, its apparent bifiinctionality as botii 
iramunosi^ressant and antivkal agent, and its unique 
mechanism of action effective against even ■multi-dn«- 
resistant variants, leflunomide hoMsgreat promise in ufti- 
matelyiielprag to alleviate tiie«ltnical struggle to balance 
graH-pfSiserviTrg immunosupptession with control of 
CMV disease. 
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Yl^ eviJont^ Ih. dr«ls or »atu«l purine «od pyrlmMi-e »«»«»''^ "^J^ S^^SSSS 
t^Vk^s^^i^ cf tiie «*pK«wrtli»" or "asaxt" agents wu (umliKd hi wdiwliiig the oiilir^OTiral 

after 14 d»8. At c^intioiB of up to SO |iM no nutard *'-<>.««3™»?«|^JS?™^ "JS 
Ss^S «««lete revmd ^ »diie«d with SO liM nild^ 

5^50% fahahoij wMMit«ittai). and 50 |iM uridine dfooted «0» pro«*dtoniiffdi^ ■ 

o^T (5 iiM) (70* taWbllWT WKtnUmtkMi). The antlretrovind ftcflyilT of ^ ta ^^I-S^^SlJ^S 

rcS^tlon with AZT itii nwlar r»tJo (nridiw/AZT) as high os 10^. ThbdownstraUonrffl^ «p«dly 
of mUine to sdedivciT nscne hninan bone imiitow progenitor ctOs Ihim ttie ^ ^ridty ACT »w» tt« 



3'-Arida-3'-dcoxythymiclhie (AZT), a pyrimidine nucleo- 
side synthesi2^ two decades ago by Horwitz ct aL (7), has 
recentty been shown to ttansteoay improve certain inunu- 
nologica] fiintttons in some patieiits with acquired inununo- 
deficiency syndrome (AIDS) (3), resulting in a decrease in 
the hiddeDce of opportunistic infections vxA prolonging 
survival. The antirebrovir&l effects <rf ACT are probably 
based upon its conver^on through ceOular kinases to AZT 
triphosi^e, which binds to reverse transcriptase and 
thereby inhibits viral DNA synthesis by chain tonnnation 
(4)* Although AZT selectively inhibits the replfcation of 
human immunodeficiency virus type 1 (HIV) (10), its appli- 
cations in preliminftry dinical trials (II* 15) were limited by 
expressions of bone marrow toxicity. Consistent with these 
expressions we recently reported 0^) that continuous expo- 
sure to AZT for 14 days effected a dose^ependent inhibition 
of human grannlocyte-rawroplmge CIFO (CFU-GM) and 
erythroid burst-forming onit colonies, the 50% inhibitory 
concentrations being 0.9 ± 0.1 and 2.4 ± 0.4 ^ for the 
respective colonics. Several pharmacolo&c approaches are 
potentially avmlable to hnprove the chonotherapeutic isdcc- 
tivity of AZT, Such an improvement can be theoretically 
obtained with synfirfiistic combimtion chemotherapy, as 
rec^y dcmonafratcd with recombinant human granulo- 
cyte-macrophage colony-stimulating factor (5) and alpha A 
intcrfertm (^, potentially aUovdng a redaction in AZT con- 
centrations. Selective "protection'* or "rescue" combina- 
tions may also achieve this goal. In this ^proach, the 



Correspoodlof ^thor^ 



modulating agents are used at a time and a dosage that 
counteract (protection) or tevem (rescue) the toxic effiects 
in the host«lI without imerferiika with thcxhemotherapeU- 
tic activity. This concept has been previously used in^anccr 
chemotherapy with methotrexate and its *'antidotc/' kuco- 
votin (2). and more recently fbr treating protozoan Infectfons 
with trimctrexate and leucovorin in AIDS patients (1)^ 
The present report releUe? the results t>f an evaluaUon of 
capacities of various nattn^l nucleosides to protect or to 
reverse AZT toxicity ui human host cells. The selectivity of 
the metabolic modulations was assessed by evahiatitfg thcu- 
antiretroyira] activity in comparteon with that of AZTi^one 

in HIY-inttcied cells, 

(This paper was presented in part at tiie 27tb Ifiterscience 
Conference on Antimicrobial Agents and Cbemother^y IJ- 
P. SomtMuJossi, R. Carlisle, R. F. Schinazi, and Z. 23iou, 
Program Abstr. 27th Imersd. Coiif. Antimicrob. Agents 
Chemother., abstr. no. 383, 1987].) 

MATERIALS AND METHODS 

rt,»niti>*U- purine and pyrinudinc ribonudeosides: and 
deoxyribonudeosides were purchased from S^ma Chemical 
Co., Su Louis, Mo, AZt was syntbetized in our labomtory 
by the procedure of Lin and Prusoff (8) and had a purity of 
>99%, as assessed by high-pre^ure liquid chromatography. 
The scructure of the compound was -confirmed by proton 
nuclear magneUc resonance, "C nuclear magnetic Kso- 
nance^ and irtfrarvd spectrotscopy. Other <;hemicals were tjf 
the highest quality -comcnereially possible. 

Ylros «trainf . HIV strain LAV was obtained ircm t3)c 
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Centers for Disease Control, Atlanta, Ga., and propagated 
as recently described (13). 

Frcparftlkm ot ceUs. Human bone naarrow cells were 
collected by aspiration from the posterior iliac cr^at of 
normal healthy volunteers a«d treated ^ith heparin ^ and the 
mononuclear population was separated by Ficoll*Hypaqiic 
gradient centrifugation. Cells were washed twice in Hanlcs 
balanced salt solution and counted with a hemacytometer, 
and their viability was >98%> as assessed by trypan bhjc 
exclusion. Peripheral blood mononuclear (PBM) cells were 
obtained from the whole blood of healthy HIV- and hepatitis 
B virus* eerone^tive vohmtcers and collected by smgle-step 
HcoU-Hypaque discontinuous gradient centrifUgation. 

Assay of CFU-GM for drug cytocoxtdtj and rescue or 
pnitectiOD stndiea. The culture assay of CFU-GM was per- 
formed by a bilayer soft-agar method as recently describ^ 
(12). McCoy 5A nutrient medium supplemented wUh 15% 
dialyzed fetal bovine scrum (heal inactivated at for 30 
min) CfilBCO Laboratories, Grand Island, N-Y,) was used in 
aD experiments. This medium completely lacked thymidine 

And urjdinp. . 

In the rescue studies^ mononuclear cells (l(r/ml) were 
expQsed for 2 h at 3TC in 5 ml of McCoy 3A nutrient 
medium to 5 riM A2T» corresponding to a 70% inhibitory 
concentration. At the end of the 2-h incubation period. ccUs 
were washed twice with fresh cold incubation medhim to 
wash out the AZT. Cdls were subsequently doned in 0.3% 
agar in the presence of incteasing concentrations of the 
modulating compound or in medium alone (contrc4)- After M 
days of incubation at 37*C in a humidified atmosphere of 59& 
COj in air, colonies (st50 ccUs) were counted by using an 
inverted microscope. 

In the protection studies^ ACT a or 5 pM) and atber 
medhim (control) or various conccntn»ti<ms of thymidme or 
uridine ww added simultaneously. Cells were exposed 
continuous^ under these conditions Sot 14 days» and c«o- 
nies (a50 cells) were then scored. Tbo toxidty of each 
purine and pynmidine analog investigated in tfacse snidies 
(see Table ^ was assessed by continuous exposure for 14 
days by the same technique. 

AntkHIV ass^y based on rewse traascriiAase activity^ 
After pliytohemag^tinin stimulation for 3 days, PBM ceUs 
(5 X l(P/ml) were infected with HIV strain LAV at a 
concentratioti of about 100 50% tissue culture infective doses 
per ml and cultured in the presence ^f various oonccntra- 
tiotts of AZT alone or in combination with either uridine or 
thymidine. The virus was aDowed to adsoi1> for 45 min, and 
then drugs (AZT and uridine or thymidine) were added. A 
virus control (no dru^ and a cell control (no virus or dn^ 
were also inchided. On day 5 after infection, clarified super- 
natant fiuids were centrifuged in a Btdcman 70.1 Ti rotor at 
40,000 rpm for 30 min. The concentrated, disrupjed virus 
was suiaectcd to rtvcrw transcriptase assays as recently 
described by Spira et al. (IS)*. Antiretrovnai efficacy was 
determined by calculating the percent reduction in reverse 
transcriptase activity observed in drug-treated, virus-m- 
fected cultures as compared with euzymB activity in vims- 
infected control cultures. 

RESULTS 

ESvd of t short exposttre (2 h) of normal human bone 
marrow progcaUoc ctOs to AZT on colony growth- Initial 
experiments were deigned to establish the concentration 
dependence of human bone marrow progera'tor ceD toxicity 
produced by AZT after 2 h of drug exposifire. Normal buiAan 



TABLE 1, Reversal of ACT cytoioxiwly in human bone marrow 
progenitor cells by naturally occuiring purine 
and pyrim'tdine mickosides 



m the [O^seKe oT conpoimd: 



Thymidine 
0 
5 

10 
50 

Cytidine 

0 

5 
10 
50 

Uridine 
0 
5 
10 
SO 
100 

2'-4)eoxyuridtne 

0 

5 
10 
50 

2'-Deoxy»deBDsine 

0 

5 
10 
50 

2'-PMxyetttno«4iie 

0 
5 

10 
50 

2'-Deoxyeytidiiie 

0 

5 
10 
50 





Wiih AZT 


(5iiM)^ 


100 


22.8 ± 7.$ 


Niy 


24.6 ± 7.1 


S5.4 ± 3.1 


Z4.6 * 6.4 


fl4.7 * 14.1 


17.7 * 7.5 


100 


'7^% A 7.S 


ND 


25.3 ± 12.4 


94J0 ± 7.3 


23-5 * 5*3 

A 


93.3 * 6.2 


50.0 = 14.0^ 


100 


2Z.B ^ 7.9 


ND 


24 J ± 13.6 


6S.4 ± 


43.2 ± UA' 


U,l St 14.1 


100.7 * 20*3' 


m) 




100 • 


33.0 ;t 16.0 


NP 


37.10 ± 10.4 




34,0 ± «.0 


91,3 ct« 


35.0 ± 10^ 


100 


33.0 ± IM 


ND 


36.0 «7.D 


66.7 ± 5^ 


37.3 * 15.5 


£3.3 ± 6.4 


423 It 6.1 


100 


3B.0 ± 16:0 


ND 


33.6 ± 16.2 


83^ ± ^.6 


30.0^6.2 


ND 


40.0 ± &0 


100 


33.0 ± 16.0 


ND 


Zd.O ± 7.0 


WLl A 12,6 


34.0 * 10.4 


94.« £ 4.6 


3S.0 * 4.6 



* Eidi vatoe ivpnsccts tbo mm a standanl dcvktiM in «t towl dute 
enerinvntt with «t fesst ihree diff^Kut emrwif dooms. 
Tcdh were Iflcuhittd with JOT (5 jiM) tor 2K w*ihbd t¥»e, pd 
cultured for daml growth for 2 wolii ro the preseooc of pining <w pynn^ 



^ND.Notdcteifl^ned. 
'i* < O.001 A* contpuvd »ikb the tootnl. 

' /■ < ti.01 Mcovnfored with the coobol. 

bone marrow ccUs were incubated at 37^ for Z h M^th 
variottscoDCcntratioiis of AZT, aisd cefls ^vcre is^ashed twice 
prior to plating. Cell viabilhy was detcimmcd by Aoft^asBr 
clomns and measurement of colony fonnstion after driig 
treatment as described in Materials and Methods. After 2 b 
of drug exposure, the toxic effiecta of AZT (Ftg- 1) were quite 
similar to those recently reported for fliese cells after cou- 
tinuoos exposme 04 days) to ATT 02), sugfie^ting that ttie 

tOMcity of A2T in human bone marrow prosenitor cells m 
vitro is prc^ably mediated tfarous^ eaiiy effeets. 

Abili9 of porine or pyrind^ite dertvatfvrt to reTcrse the 
toxicity et AZT in faumaB bone nanw cell. Hie -effects of 
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FIG. 1. Effectsof ft Short exposure (2 h) of nonnal human boae 
marrow progenitor cells lo incieasiiv conccittrntioiis dAUt, Each 
point lepTVAents the mean ± standard deviation of at least six 
experunents wil^ different manow donors* 



Uridin* (fiM) 

FIG. 2. Effect of AZT (S |aM) on hematop^dic colony growth 
by nonnat hiinum bone marrow progenitor ceUs in the presetkoe Of 
various concentrations of uridine. Cohimns represent the mean 
percentage of inhibition of CFU-GM colonieft in three separate 
experiments; represent the standard deviation. The -oieftd 
number oT cc>!ames in the control plates C^out AZT and nrtdine) 
was 60 ± 5 CFV*<SM per W ceils. P was <0.01 for 10 pM uridhte 
and <O.OQ1 for 50 pM uridine as compared with the control- 



additig purine or pyriniidine nucleoside analogs to human 
hematopoietic progenitor cdls foDowing 2 h of expofiore to 5 
pM AZT (70% inhiUtory dose) are shpwn in Table 1. No 
naniml purine or pyrimiduie 2'-deoxynucleostde9 (2'-deOK' 
yuridioe, 2'-deoxyadeaoBiiiCf 2'-deoxy£uaiKMiiic^ 2'*<io- 
oxycytidine, and thymidine) up to a conceotratioo of 50 pM 
reversed the toxic effects of AZT* nor wft$ rtversal achieved 
with 2'-deoxy nucleoside concenti^ons of up to 200 pM 
(data not shown). In contrast, nontoxic toncenti^ons of 
uridine or cytidine effected a significant and dose-dependent 
reversal of AZT toxicity. EsscntiaUy complete reversal was 
achieved Mtith 50 pM urid^De, and ito significant difference 
was detected in the presence of htgber concentrations of 
uridine (lOO |lM). At conccntrattons of 50 |aM the rescue 
effect of cytimne was less than that of uridine. The reversal 
of AZT toxicity by cytidine probably depends on the con- 
version of cytidine to inidiae by cytidine deanun^e, a 
requirement that could explain tlic dmeience in the rescue 
potencies of the two pyrimidine derivativeB^ 

Pn)ttction ttora AZT Uakity by oridine in human bone 
marrow cdb. Simultaneous exposure to 5 pM AZT C79% 
inhibitwy dose) and various concentrations of uridiro was 
also investigated in our studies to assess wheth^ uridine 
could protect human bone marrow progenitor cells from 
AZT toxicity when both drags vtm present throughout the 
experiment. Figure 2 Otustiutcs the effects of 5 pM /^Zt on 
tematopoietic colony growth of normal human bone marrow 
progenitOT cells in the presence of 5 to 50 pM uridine* 
Bose-d^ndent protection was observed, with 50 ikM uri- 
dine effecting approximately 6(Kf& protection in the presence 
of a to?dc concentration of AZT (5 pM). 
Protection frum AZT toxidty by tbyinidine in himian bone 



marrow cdb. Since thymidine counteracts the antirctroviial 

activity of AZT in ATH6 cells (IfO and both AZT and 

thymidiiie ^>pcar to share the same activating enzymes (i.e., 
thymidine and thymidylate Idnases) (4), protection from 
AZT toxicity by thymidine was investigated in human bone 
marrow progenitor cells.. Human grenulocyte-macrophage 
precursor cells, grown in soft agar, ^^ere exposed conlinu- 
ously fOT 14 days to 1 ^ AZT (50% ioihil^ory dose)^ 10 
to 100 pid thymidine. The latter agent antagonized the 
inhibition colony formation by AZT in a dose-dependent 



manner^ ahnost complete protection being effected by 100 

pJ4 thymidine (Fig. 3). 

Effect orthymldtne and uridine on the anthr^vlnd activity 

or km In mv-tnfccted human Fm cctts* The eflfects of 
thysudine and nrtdine on the capacity t/t AZT to inhibit HtV 
replication in human PBM cells was evaluated tTabk 2). 
Essentially full protecdon agairot HIV proditction was 
' achieved with AZT alone at a conoentratioti of ^;>pn>xi- 
mately QXfi in agreement with recently published data 
(9). The presence of thymidine led to a snbstantiai loss ofdie 
antiretroviral activity of AZT» as reported previously (10). A 
concentration of 10 pM thynddine reduced the inhOntion of 
HTV by 0«01 |jbM AZT by ^proximately 509&» and the 
anti^HIV activity of 0.01 |vM AZT was essentiaiUy abolished 
by 100 pM thymidine. In control conccntnitionsof tm'dme 
of up to 100 pM and m combination with AZT at a molar 
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FIG. 3. Effect of AZT G pM) on hetnatoj^ieHtic c<dony growfti 
by naimal human bone marrow progenitor cells in Ibe presence Of 
various concentrations of ftynudine. Columns rrpueseni the mean 
pcreentitge of inhlUiion of CFU4M colimies in three seporBie 
bar) represeat the standard ileviatjon. The mean 



CZ' 



number of colonies in the contrDl phtts t^itithoOt AZT and thymic 
dme) was BO ± 20 CFU^M ptf 10^ c^ms. 
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TABLE 2. Effect of Ihymid'me &nd uridine on AZT antiretroviral 
activity id HIV-infected human FBM cells 



Ttcstmcnt utd 
•concoti^M) 



9& jnhibitkiD 
on day 5* 



AZT 

0.01 ... 
0.1 



Thymidine 

10 

100 

Uridine 

100 



0 

81.9 
96.6 



0 
0 



7.J 
5.1 



AZT-tbymfdine 

0,01-Q.l MMM«^ - 81.4 

0.01-L 85.0 

0*01-10 M.v,.M..M - 52.6 

0.01-100... > > 4.1 

AZT-uridhic 

O.Ol-lO '/S.l 

63.2 

b.WOO.wM, — 96.1 



* Tte mcin of triptiene counts suikdixti devinUoii) fpr the vina comrol 
«i9 734,780 £ 26,600 dim/knl (equivftlent |o m appnaknale iDOorponUoo of 
3.6 poMri of dIMP pito ihc 8dd4tAsolublc product). Counts 
DWMive POnM (no virus or drqf) wm 355 nid 1,535 dpm, respective^. A 
pOtfiUve COQtnri for the reverse trusciipiBsc nsaqr was wso included tcoum, 
§11,000 dpm)u 



ratio (Ulidine/AZT) as high as 10,000 had no cfiTect an the 
andretroviral activity of AZT. Cell viability and growUi, sts 
assessed by trypan blue exclusion and ^th a Coulter 
Counter, were similar among the cultures, and no toitidty 
was observed in t!ie presence of 100 puM uridine CTable 3). 



TABLE 3« Effect of AZT and uridine alone Or in comblna^n on 
human FBM eel] growth and cell vlafaili^ 



Treatment 
iadconcn 
(pM) 


Growth (%or 


Vability 06^f 


imtreitejl control) 


untreated contnH) 


AZT 






HA 


102.9 


113.2 


I 


100 


90.« 


10 


Bl.2 


100 


109 


79.4 


103.1 


Uridine 






1 


100 


109.4 


10 


94.1 


100 


100 


87.0 


100 


AZT-uridine 






1-1 


97.1 


78.S 


1-10 


1015.9 


72.5 


1-100 


78. 1 


78.2 



« The laeaD Dumben of hunuo PBM cdls Standard dcviatioT)) in Hieccll 
powth kod viibifity tta£ti were (3.2 ± 0.6) x 10* ceQi per ml and 3.4 x 03 
cells per mU respe^svcly. Cefli were stinudated wiib phytobanagglutiiiin for 
ZdayB and Bubscq;ucnUy exposed fdr5 days to various concoitralkms of AZt 
tir vridiixc aloDC or ID conibifiatlon. 



These data suggest that, unlike thymidine, uridine tioes not 
interfere with the uptake and/or metabolic activation of AZT 
in HIV-infected human PBM cells or any other mecha- 
fu&m(s) by which AZT inhibits HIV replication, 

DISCUSSION 

In a previous repoit firpro this laboratory, we demon- 
strated thai AZT directly suppressed human hematopoietic 
. colony growth in a dose-depentient manner by direct inter- 
action with CFU-GM and crythroid bunt-forming unit pro- 
genitor cells (12). These findings were consistent with tbe 
observation that anemia and neutropenia were the msyor 
adverse effects of AZT administration to ^DS patients (11, 
15)* In an effort to obviat« tlus untoward effect of AZT, we 
have sought to determitte in the present study whether 
natural nucleosides can protect against or reverse the to»c- 
ity of AZT in human bone marrow progenitor cells without 
affecting the antiretrovtral activity of AZI, As reported 
here* thymidine can counteract or protect against the toxic- 
ity of AZT in norma] human bone marrow ceils, but ir also 
antagonizes th^ antirctroviral activity of AZT (Tabic 2). 
These data probably reflect a decrease In the formation of 
AZT triphosphate* since both AZT and thytmdinft utiiiza the 
same activating enxymes (i.c*, thymidine and thymidylate 
l^n^ses) to exert th^ pharm^colos^c action. It is particu- 
laiiy inqiortant that thymidine, «yen at conceocratioos of up 
to 100 \iM, 1^ not able to reverse the toxi&effects of 5 |tM 
AZT (70?& inhibitory concentratiofl) for human granulocyte- 
macropht^ precursor c^Ils, This result suggests that the 
administration of thymiiline sequentially with AZT in vivo 
probably w3l not prevent its toxic effects, as previously 
speculated (11). 

Our experimettts also showed that the hematopoietic 
toxicity of AZT was consistently reversed by uridine and to 
a lesstf extent by cytidinc. The inhibition of CFU-GM 
colony formation at an AZT concentration of 5 ikM was 
essentially reversed when 50 )M uridine was added to tbe 
cultures. The percenter of rescue of CFU^iM colony 
formation was proportional to the concentration of uridine, 
suggesting that the reversal was a competitive process. The 
,same concentration of cytidine only partially reversed the 
toxic e&cts of AZT on colony formation. In these studies* 
cytidine probably acted throu^ itscoov^ion to uridine by 
cytidine deaminase, explaining the quantitative difference in 
the rescue between the two pyiimidine derivatives. Uridine 
was shown also to protect normal human bone marrow 
progenitCH- cells from AZI toxicity, and protection was 
achieved when cells were exposed to both5 AZT and 50 
\M uridine for 14 days. 

No difference in the inhibition of viral replication was 
observed in HIV-infected FBM cells when uridine was 
combined with AZT at different molar ratios as compared 
with AZT alone. Therefore, the coir^ation of AZT and 
uridine appears to selectively reverse the hematopoietic 
effects ^ AZT without decreasing its antiretroviral activity. 
Uridine pharmacokinetic and to?dcity studies have been 
recently reported in humans (14), and "icsciung** ctmcsen- 
trations of uridine may be achieved in vivo, ^Mth a tolerabk 
toxicity^ ntajcing this combination potentially "suhable for the 
treatment Of VUI>5. A potential mechanism(s) which may 
account for the reversal of or protectiontrom AZT cytotox- 
icity by uridine in human bone marTow<eUs is undear, aiKl 
further investigations are currently in progress. 

In summary, the hjigh degree of selectivity of the uridine 
rescue between human bone marrow pi3)senitor*cdi5 and 
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HIV-inf&cted cells suggests that the combined use of AZT 
Btid undine may be of import^ce in the treatment of AIDS. 
Although the results of the present in vitro studies must be 
cautiously extended to the cUnicai situation, the possible use 
of uridine for rescue (nay have a potential therapeutic benefit 
in that the antiretroviral activity of AZT is not affected while 
the host toxicity of AZT is minimized. This novel strategy 
for modulatipg AZT therapy deserves further tnochemical 
and/or pharmacolosjc investigations, which may lead to 
carefully controlled dfnical evaluations. 

ACKNOWLEDGMENTS 

This investigation was supported in part by Public He^ilth Service 
gr^tt C A CA 257B4, and 140 1 RR 00032 (to J,-P,S.> imd AI 
2Gt)55 and Al 258^ (to ILP.S.), by a Junior Faculty Research Award 
&om the American Cancer Society (to J.-P.S.)r ^ by a Merit 
Award from the Ve^raus Admimstnlion (to R j.S.), 

We thank I» Schmidt for critica} comments in re^ewins this 
manuscript* Soong for statistical analysiSp and B. Arnold and 
D. Cannon for excellent technical t^sistance, 

UTERATURE CTTEO 

1* Allesra, C. J., B. A« Chibiicr« C U. Tuazon, Osata-Arakaki. 
BaM, J. C. DrikCf J. T. Sfanmm, E. E. Lack^ J. H. 
Shdhamer* F; Baliip R. IValkcr* J« A. Kovacs, H. C. Ijufta, and 
H. MaMT. 1987< tiunetrexatefor the treatment of Pi>eumocy5tis 
carinii pneumonia in patienta with the acquired immdnodefi-. 
cicncy syndrome. N. EngL' J. Med. 917:97&*^« 

2. Capliili R4 L., R. C DeCooti, X C Mardi, aid 1. R. BcttbKi. 
1970. Methotrexate therapy of head and neck cancer: impcovo- 
ment in therapmtic indea by tbe use of leucovodn "itscue.** 
Cancer Res. 3(hl7B2-17^ 

3. Hscbl, M. A., D. Richman, M. H. Gikce» M. S. GottSeb, 
P. A. Valberdln;, O* L. LasUn, J. M. Lcedom. J. B. Gnwptoan. 
I>. MildTant R> T« Stii«okjr» G. G» JadDOB* D. T4 Durack, 
Kins, attd fha AZT CoHahoratlvc Woritin^ Groap* 1987. The 
cfiiatcy of azidotbymid&ne CAZT> m the treatment of patients 
with AIDS and AlDS-related complex. En^^ J. Med. 317; 

4. Fbman, p. A., S. fyifc, M. H. St. Oair. K« Wdnboldy X L. 
RMeontt ti. A^ fkeonaiii S. NnstDoff-Lcfaimiaa, 0. P. Bola^cd, 
S. Brttdtty V* mtsasM, and Dl W. Banry. 1986. FhospboiylatiCn 
of S'-aado-V-deoXytbymidiDC and selective Intcradioo of the 
S'-triphosphate with human immunOfjcficiency virus reverse 
transcriptase. Pioc. Natl. Acad. ScL USA 83:83334337. 

5. Hannker, 6. C, and J. M. GlOis. 1987. Synetitistic activity of 
granolocyto-iDacrotifhage colony-stimutatingfoctorand 3'-£zido- 
3'-dfiOxythymidino against human immunodeficiency virus in 



vitro. Antimicrob. Agents Cbemother. 31:1046-1050. 

6. Haml^r ^- M. W. Voft, T.^. Chou, R, S. Bluniberg> R. 
Bylngloui R. T. Schooify, and M. Klrsch. 1987 » $y^rgi$tic 
fnhibiiioa of human immunodeficiency virus in vitro by sii- 
dothymidine and recombinant alpha A inteiieron. Antimicrob. 
As^nts Chemother. 91:168-172. 

7. Uonrttz, J. P., J* CbtM, and M. Nod. 1964. Nucleosides. V. The 
monomcsylates of l^Z'^eoxy-^-D-lyxo^irazMsyl) thymidine. J. 
Or^. Chem. 29:2076^78. 

a. I4n, T*-)S., and W. H. PrasolT. 1978- Synthesis and biologic&l 
activity several amino analogues of thymidine. J. Med- 
Chem. 2ISIO9-II2. 

9. T.-S., R. ^. &blnaiS, M. S. Cben, £. Kiim«)r<TbinnaSy «dd 
W. U. ProMilt. 1987. Antiviral activity of a'ta'-dideoxycyUdm- 
^'-ene CZ',V^deoxy-2',3'<Kiidehydrocytidine) a£;ainst human 
immunodeficiency virus in yitrv, Biocbem. Pbannacol. 36:^11- 
316, 

la MUsnym» H«> IL, J. Wdnhol4 P. A. FannaUp M. St» Qair, So 
Nwbiof^Ubrmamig R« C* Gi41o, D. BoloBneil^ D* W. Darryi aod 
S. anater. 1985. 3'-A2ido-3'-deaxythymidme (BW A509U)^ an 
antiviral agent that inhibits the infectivity of cytopathjc«fiiect of 
human T-lympbotroiMc viru^ type ni/lymphadenopathy^soci- 
ated vim in vitro* ftoc. Natl. Acad. Sci. USA 82:7096-7100. 

11. Riduwoi, D. p., M* A. Ffodil, M. H. Qh^, M. S. Gqtttkb» 
P. A. V«dberdfaVt O4 laakhif J. M. Lcedooi, J, E. Groopman^ 

MUdvan, M. & HTnch, G. G. JadDWO, D. T. Darack, ^. 
Nndnoft'-Leiinimn, and the AZT CcDaborsSfiva W^Uns Cnn9> 
1987. The toxicity of azidothymi^DC CAZI) in the treatment 
patients with AIDiS and AlCfi-falal^ complex. 14. Eugl- I* 

12. Somm^rtwri, J.-f and R, CavtMs, 1987* Toxicity ol 3'-azido- 
3'-dcoxytfaymidInc and 9<l,Mihydrcncy-2-piopoxymethyl)gua- 
nine ibr normal human hematopoietic progenitor ocUs in vitnx* 
Aittiniiciob. Ascnts Chtmother. 31:4^-454. 

13. S^.T*J.,lHH.BoEmaa«R.C.Hc|maB»Di^T*WBifleld,S.K. 
Ftdn^, and P. M. Ftcftao. 1987. Mieramethod for assaynlg 
ttverse transcriptase of human T-cell lympbocropie vlnis type 
lU/tympbadenopadiy-associated vims. J> Qhi. Microbiol. 25: 

14. Van Groenhiceai C. J«, A. t/tjVMf L KndA* G. J* Feteis^ a^d 
H> M. FtnedOi 1986» Oinical and phaimacokinetic studies of 
prol<Miged adffiiniatnlion of high-dose uridine fnteiided for res^ 
cue from 5*FU toxicity. Canter T^at. Rep. 70:745-750. 

15. Tarcfaoan9R.,K.J.Wclnbd|l»H.K.Lycrl|y,B.GclnniipR.M. 
SImn, G, M. Shearer, H. Mltig;*^ h M. ColBns, C. JS* N^mrs, 
R. KteckcTt P. D. MirUkaw, D* T« Dorackf S. N» Lefarmra^ 
D, W' Bany, M. A. FUcU, R. C. GaBo» D. P. Bolocnesi, ai4 8. 
Brodcr« 1986. AdministiatiQtt of 3'^zido-3'-deoxythynttdbie. an 
inhibitor of HTLV-m/LAV repUcatkui» to pattoits with AmS 
or AlDS-related complex. Lahcel 1;*575-580. 



PAGE 2Si61 ' RCVD AT 2/27/2006 4:17:27 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-i/7 ' DNiS:2738300 ' CSID:312 474 0448 ' DURATION M:23'12 



Entrez PubMed 



Page 1 of 2 



% NCBI 




All Database? 



PuhMfcd 



Search iPubMed 



M for 

V 




. 1 0J^atl»:^5*^wlalIa^tim^o^H^5ai4 [My NCBI 

[rSion Inl fRegig 

w kv , p *i t /n ff » y o V 

Sicudure OMIM PMC Journals 

i 



Boot 




Limrts Preview/Index 



Clipboard Details 



About Entrez 
NCBI Toolbar 

Text Version 

Cntrez PubMed 
Overs/iew 
Help FAQ 
Tutortals 
New/Notewarthy 

PubMed Services 
Joumats Database 
MeSH Database 
Single Citation Matcher 
Batch Citation Matcher 
Clinical Queries 
Speciat Queries 
UnkOot 
My NCBI 

Related Resources 
Order Documents 
NLM Mobile 
NLM Catalog 
NLM Gateway 
TQXMET 
Consumer Heallh 
Clinical Alerts 
CUnicatTrials^ov 

PubMed Centra! 



Display [AbStmct 

r ^ 

Ad: 1 Review; 1 



History 



SI Send to 




r 1: AnriviT Ther. 2005;10 Suppl 2:M:i 17-23, 



-1^€lated Artides. Links 



Uridine in the prevention and treatment of NRTI-related 
mitochondrial toxicity. 

Walker tf A . ypnhnffN. 

Department of Rheumatology and Clinical Ii»mmiology,Medizjiiische 
Universitatsklhiik, Frefturg, Gennany. idrich.waIk«ii@HimIaim.iaU' 
fieiburg-de 

Long-tenn side effects of antiretioviial therapy are attribi^ed to ihe 
mitochondrial (mt) twdcity of nucleoside analogue reverse transcriptase 
inhibitors (NRTIs) and their abffity to deplete Infl»^ A. 'Studies in 
hepatocytes suggest that uridine is sible to prevent and tieat ratDNA 
depletion by pyrimidine NRTIs [zafcitabine (ddC) andistavudiiie td4T)] and 
to fiUly alMogate hq)atocyte death, elevated lactate production and 
intracellular steatosis. Uridine was also found to improve the liver and 
haematopoietic toxicities of zidovudine (AZT), wMch are unrelatedto 
mtDNA depletion, and to prevent neuronal cell death induced by ddC Most 
recently, uridine was found to prevent the onset of a lipoatrophic phenotype 
(reduced intracellular Upids, increased apoptosis, mtDNA depletion and mt 
depolarization) in adipocytes incubated long-term with d4T and AZT. 
Various steps of mt nucleoside utilization may he mvolved in the pitttective 
effect, but competition of uridine metabolites with NRTIs at polynuaase y 
or other enzymes is a plausible explanation. Pharmacokinetic studies 
suggest that uridine serum levels can be safely increased in humans 4o 
achieve concentrations which are protective in vitro (50^00 microM). 
Uridine was not found to interfere with the antiretroviral activity of NRHa. 
Mitocnol. a sugar cane extract which effectively increases uridine m human 
seium, v4s beneficial in individual HIV patients with mt toxicity and is now 
bang tested in placebo-controlled randomized trials. Uirtil these data 
become available, the risk-benefit calculation of using uridine diould be 
individualized. The current safety data justil^ the-dosely jnomtored use of 
uridine in individuals who suffer fiom mt toxicity but who-camiDt be 
switched to less toxic NRTIs. 
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VIVO ACTIVITY OF LEFLI3NOMIDE 

PHARMACOKINBnC ANALYSES AND MECHANISM OF IMMONOSUPPMSSION 

^A S.-F. C^OKO - WA^N 

UANU Ma.^ LEONAaD BIISDBR.^ FBI ^^^'J^Y'^ JamES A. WlCUAMS^ 

Deporimfini of Pedtatric^t lUtsn-rresayuir ^ 



Background. Leflunomide is an ^P^"'*^*?!.^; 
wi?h Smansteated ability to preven* «»d revise 

ohennwdactajntiesrep^^ inhibition of tyrosinfi 
^^SSTbTslt S^«tivities caB be dUtouotfy sap- 
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;> . til* use of uridiftBt 'Wliioh revrf*** 

inhibition of <ie now pyrunidme ^ntneBB- 

activities of lefltmoimde. „™«,i«dBofATJ " 

MefWs. W« first quantified the "»«™ asin- : 

17??£rB0tive n^ftahoTlte jg*^ 
de treatment of leBimpmide tS. ^fL^aridloe 
SditionaDy, we quantified ^^^l^^^^^^^ ■ 

and of ntHdeotide ^jiPl^^fP*'***^^!. X^*** * 
Ivmvh nodes of Lewis rats after tfte aai»»"^ 

rats heterotopical^ *«f»^*^* ^Se'^^^for 
Of Golden Syrian SmS^d^ 
or 75 days with leflnnonnde <«, 15, amd 
^age)aloneor in combination wlthnndine (5W 





i5, 1S9B 



CHONG liT AL. 



101 



viflV- i.P')- Hematom-its wer6 determined and the 
fis of alloreactive or xenoreactive immunoglobulin 
fill and IgG were determined by flow cytometric 
gitris. The allograft and xenografts, smaH bowel, 
^^,^dney, and spleen were subjected to pathologi- 

tl^^l^^ar relationship Was observed between 
v^Tiro A77 1726 concentrations in Lewie ^^ts and 
Seof leflnnoipide administered. A77 1726 
Satio^s were 20.9, 71-8 and 129.^ (77.5, 
I land 478.8 fJO) for the 5, 1% and 36 mglkg do^es of 
Snomjde, respectively. The concentration of 
^ the serum of normal Lewis rats is 6.5 tM; after 
^dmini^tion of 500 mgAcg uridine, the s&mm 
gnrconeentrations peaked at 384.1 in 15^ 
L The rapid elimination of uridine was not re- 
4^ in the lymphoid compartments, and the phar- 
?;i>kinetics of pyrimidine nudeatides in the spleen 
inbled that of A77 1728. This dose of wdine, when 
uiistered daily (SOOmg/kg/day, i-P-)* weaUy witag- 
ed the immunosuppressive activitiea off lefXuno* 
ae (*L 16, and 35 mg/lcg/day) in the allotransplanta^ 
;t model. In contrast, in the xenotranspWation 
eJ the same concentration of uridine completely 
iffonized the immunosuppressive activities of low- 
. leflunomide tt« mg/kg^day) and parti^y mitago- 
d the immunosuppressive activities of hi^-nose 
nomide (33 mg/kg^day). Toxicities associated with 
.dose leflunomide (35 mgflcgWay) were anenua, di- 
r*:^a, and pathological changes in the amaU bowel 
Oliver. These toadcitics were significantly reduced 
uridine GO-administraUon^ 

QTiclusion, These studies reveal that the blood lev- 
of A77 1726 in Lewis rats satisfy in vitro require- 
its fiwr both inhibition of de novo pyrimidine syn- 
^fl and protein tyrosine kinase activity. Our data 
illustrate that the in uivo mechanism of uimiun<^ 
[iiession by leflunomide is complex and is affected 
S^least the following four factors: type and vigor of 
immune jreeponse, availabiUty of uridine for eal- 
e by proliferating lymphocytes, species h^ng m- 
ted, and concentration of serum A77 1726- 

laimomide [N-(trifluOTomethylphenyl)-methylisoka2ol-4- 
^'samide; HWA 486 or SUlOl) is on experimental unmu- 
)pressive drug with demonstrated ability to prevent and 
acute allograft and xenograft rejection (reviewed in 
g^Wunomide is rapidly converted in vivo to the active 
aSbolite, A77 1726, The two biochemical activities as- 
' 3d to A77 1726 are inhibition of protein tyrosine kinases 
:af dihyroorotate dehydrogenase (DHO-DHase*), a key 
-jTne in the novo synthesis of pyrimidine nucleotides 
te). Tiie signifjcantly lower 10^0 required in vUro to inhibit 
ffl^DHase rdalivo to tyrosine kinaises has led many ro- 
rs in this field to suggest that the in vivo antiproUf- 
and immunosuppressive activities of leflunonude, 
.its acdve metaboUte. A77 1726, reauH from the itihibi- 
rtif the enzymatic activity of DHO-DHase (1). 
JVexal lines of evidence suggest that this hypothesiB may 
' s supported in vivo, Fiist, the serum uridine in human 
idents (5-15 /iM (7, 8)) could be converted to pyrimidine 

sbreviationB usedi DHO-DHase, dihydroorotate 4ehydrc«e- 
■ iramunogtobulia; HPLC, high-pcrfoTTnanoe liquid chnmifl- 
1 Ka, rate of absorjStion; Ke, rate of ejECretinii; PCV, -packed 

3tluino> 



nucleotides by the salvage pathway, resulting in a normal- 
ization of intrscellular pyrimidine nucleotide le\^*ls de^ite 
inhibition of ^ nouo ^yrimidino-Bynthesis. Sscond, when A77 
1726 is used in vitro at concentrations >50 ^ the anti- 
pTOliferative activity on T cells and B cells could no longer be 
completely reversed by the addition of exc^enous undine, 
suggesting a second mode of activity at these concentraUp^ 
that is independent of pyrimidine depletion (9, 10). Tbrd, 
patients with agenetic defect in^ novo pyrimidine synthe- 
sis hereditary orttic aciduria, do not have imdue «uscepn- 
bili'ty to infection, indicating tiiat they are not significantiy 
immunosuppressed (reviewed in (11)1 In vUro cellular im- 
mune defettB have been reported in -some of these patients; 
however, these immune defects can be attributed to lym- 
phopenia arising from a generalized defect in hi^natopoieais, 
ratter than to an intrinsic inability of T celis-to prohferate in 
response to antigen stimulation U^w 13}' v v 

These observations prompted us to examine whether the 
immnnoBUppressive activities of lefhmomide in rats and mice 
aie mediated by the inhibition of da novo pyrimidine -synthe- 
sis In vitro studies suggest that the effects trf A77 1726 that 
are caused by inhibition de nova pyrimidine •synthesis can 
be revelled with uridine. Using a similar approadi, we r^ri; 
the effects of uridine on the in vivo immunosuppressive ac- 
tivities and toxic side ^ectsof Icflunomide in mice and -rats. 

MATEiUALS ,A>ID MEHIODS 

Extratition and quoniitaUon ofA77 mS from tor single- 

dose pharmaookinetics, Lovdfi rats not receiving transplants, were 
treated with a elngje dose of IB, or 85 mgfeg^day leQunomide fay 
ravage, aeruro Was collected at ihe indicated tunas and stored al 
7(rC before extraction. Sarum, SO ^il. was mixed with 25 ^1 4'^ 
(trilluoromethylQXy)-acetaoiUde<TFMO;-Sigma,St. Louis, MQ),200 
0 5 M HCl* and 4 ml faction solvent pentane and dichlo- 
n)methflne;:Siema). The mixtum was vortexcd for X hr, then coitri- 
filled at '2000 g for 5 min (Ceatm-8, ISC, Neeaham Hei^. MA). 
After fceenng the mixtum Ibr 1 ht at -20'C. tiie organic phase was 
decanted into a aew tube and dried under a hood at room ten^psra- 
Uire. Then 200 ^d of recOttStituting aolutiOT (1:1 atfeumitrile «nd 
water) was added, and the ^nixture was vortwcfld and-centrifijged at 
2000 g for 2 mitu RnaUy.-es ^d of the mixture was analyzed by 
hidi-perfisnnance Uquid<hromatOfffaphy CHPLC)<Wato^ MiUhrdj 
MA) using a Symmetry -018 -coltmm (4,^ x 250 mm; WatereX A77 
17^ was separated with a mobila phase composed of "BO* acetam- 
trile and B 0% buTTer <25 mM KHaPO^)* The cocrespOAding ^ 
A77 1756 was compared with a^acndard of purified A77 X726<agift 
from Rob&rt IR. Bartlett. Hoechat Marion Rotte«el, Wiesbaden, Ger- 
msny), and the concentrationa wfire cidculated on the basis of a 
filandaid carve of puiified A77 a7<26. 

RxUuGticn and quanUtaXixm. of uridine firom serwn. For single- 
dose phaxmafioldneti®, Lewis rats not receiving trait&plants wero 
treated with a sini^e dose of inidine. Spmm vtas <ialtecfced at the 
indicated times aod^ted at 70''C brfbrt ortraction. Senim«amples 
wei^ diluted two fold in 0-9% NaCa, and ^dine was extracted by the 
addition of an equal vobima of -0.8 M tricWoric add and then asn- 
Ualiied with an equal volume of W M tri-iwicfcylaraina ia Freon. 
Serum uridine was detected by WLC, using a lichworb-lOEP-lB 
column tWhfltman, Alltech, DeerEeld. IL} and an elution solution (5 
mM KiyP04. pH 3.8), at a flow of 1 ml/min. The uridine peak was 
identified by its reteiltion time and cpectram -compared wkh a un- 
dine standard \Sigma). -Uridins concentrfi^iona were <ialcui'ated on 
the basis of a standard curve. t ^ 4* 

&tmciion and quantitation of nw:l£oti<k iriphoi^>haie ^rotn ^is- 
For singb^oso ptemacokinetic analysis, normal Lewia *8ts 
were treated with aein^ dose of uridine. The spben, lymph nodes, 
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and liver (100 mg tiseue) were homogeniwd oitd T1Ucleot^de triphos- 
Shais^ere ..L<^ with 0.4 M irichlori. ^W,'^^ JJf '^"^^ 
Lt, an equal volume of 0.5 M tri-n-oclylamine Jn Frton 113, as 
SviouslyTscribed (9. 14). Nucleotide, were fparated using a 

linear gradient eluUon of pota69tum phosphate l'^^", pH 4.5 (10 
BOO mmThc correspondip-6 peaks of four nucleoUdes 
by HPLC CWBteie). and the concentrations were calculated on the 
basi$ of 8 fitandnrd cnrve of purified ttucleotides -tSjgma). _ 

anSX or "26. uridine and tissue ^^'^ '^^^ 

«ndWed using a nonUaear regrassiou *f J ^""'^ 
igwithm. The time^ncentratioii data were Htted to the open, 
one^wmpartment, eaitravaBCular model: 

C^-O'CexpC-K.nHaqpC-K.'t)) 
«hert C. C", K« K;». aad t are the serum concentration ^^t, the 

tlon constant, and tha time afUr dru* f''"™^,^'^^ ^'T^'^r 
valuee far CMC. and K. vrers «3ed to »lc«lato the te™^'^^^ 
(T,«> uaing the fomuU: T^=0.69afl5,. The 
w« cSted osing the trapezoidal matJiod. St^tiaS«l diffe^ 
between pharmacokinetic pfmunelera were analyxad using a< test or 

^VSS^^Golden Syrian l«n«teraw«^pu»chaaedW^^ 

Uba andianapolis. IN). Balb/c and C3H mica we« P«f"«^ifi«?^ 
Labs (Bar Harbour. MB). Heart grafts "^^T^^^P^^ 
into the abdomen of tbe t ecipie;*. ater a «cd«^ 
Sol doBCribed by Ono at al. (IS). I^Hunomida (5-85 
Ltom synthesized fer reeaaroh purposee) was »«»P«^!?^'^=^* 
carbo^ymethyl caUukse and adn^stered by f^^;^^"^'^ 
ma) was dlssoh-ad in 0^% Nad frr daily ,.p injeciums. ^ 
Dlarited haarte were monitored daily, and rajecbon was defined «fi 
the complate cessation of pulsafions in the transplanted haaxl- 

Pael^d cell votume. Bats ware bled every Z weete or on the day 
they ware Wiled, through the orbital v^n, uaing a ««tf"<*f«**f?* 
eSlaiy tube (Baxter. DserReW. IL). The blood 7» '""'f 
Tim\^ at 660 «. and tha percentage of packed rdl voluin^«^ 
datormJnad with a micro-hemetoorit capillary tube reader (Cnto- 

"^t^S^^>!''>f'aic-;!pecific and ^Z'^ 'iHi^^ 
ttcrtTQuantifMation of alto-specific or ^^^^^^^^^ 
Z> A™ed. as previously described (M. 27). LyiniA«>«5^<5 5C 
10") ^ lymph mKlas isolated fa.ni bn,wn Norway ruts or 
cTtea (10') from GoldanSyrian hamster were incubated wilh dilut^. 
KLtivaied test aarum or control naive Uwia ™t sar,^ 
^uUon) &r 30 min at 4'C. Lymphocytes were waabad^thpW 
pL^er^d saKna. and erytbrocytea were iiraahed in 4% (we^ 
vobyne) aodium dtrate/phosphut^bulRred aabna. The "Us were 
iCstained with phycoerythrin^upted F^''t,')2 
nodohulin OglM or fluorescein isathMx^anatB-conjugat^ Wab J'S 
3Sr^ (Jackson ImmunoResearch, Weet Qrov^ AE^ 
staining, th« eiyttao<5tes and lymphDcytea were waahcd.1i»id m VS> 
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formalin, and analyzed using a flow cytcmoter (Ortho Cytor^n 
solute. Ortho Diagnostic SyBtems. fiontan. NJ ). 

mitolcBy aJimmunohUtochemistr,. Sections of *Pl*«>., 
Uv«rSS. and smaU bowel were ^'^'^.^^^ ^^"^ 
«Se mattfx CO.C.T. compound CSakura Fmetek U.SJV-, T^a,ce 
tissue nitrtjgen. SecUonS of thsse tissues, g 

S^^'^^r^ ^d wT^^^ forLnin. These eecdons wer. Ih. 
^^LT?„ vZato«vlin and eosin solutions. Allosrafts were sewed 
r^t- -SSl-^- biopsy grading by Bmingharn^^. 
fr^rc^de 0 <no acute resjection) indicates no evidence of acaU 
retbS- iSyStXnage-. Grade lA (focal, mild a«ite r^ectjoa) 
[£tes Sl^v^ular. or interstitial infiltraU of mon<muclear 
maicases lOMi, nreAe ffi (ffiffuae, mild, acute r^ 

cells with DO myocyte damaga. ^■^^'^^ *f * i_i-,,t„7. 

tton) indicates a more difMse. perivaseuter or intw'sbbal mfUirats af 
S<^fear «lls With no myocyte damage; Otade ^^f^; 
Zte rqectio..) indicates a few focal '^^'^.'f'TT^^.^, 
t^te ^ Ibcal myocyte damage; Grade 3A indKStes mulUiM 

inllamZW inWtrate with '"^fy^ io^^-^^^ 
LSs disuse aegieeaive innammatqry infiltrai* JVoqrt* 
and Grade 4 indicates diffuse agsteaaive jirfUmmat«y 
St^my«ytenecrcsis.hemorthage. edema. «mdv^^^^ 

Sr&riiZ^Sstoehemical 

atd^ined with monoclonal antibodies against rat IgM. IgC, 
S?. S EDI. using a mpdiiied ABC method, as previously 
dasctibad US. IS). 



SBSUITS 

Singk dose pharm^kinetics of All ^e^'i^J^^f 
ceiv by gavage ttoee different d«es of lafl™d6 « 16 
Serf w«fi har.«ted from 4-6 indiVidaal rate at 

^effited ttmes. and the activ. 'n*;*"''*"/.^^^ 

A77 1728, ill the ^um ^ cKtracted 

HPLC. c<m<»ntraticnB of lenunomide reflvOted ma 

S^e-depeadant increase in A77 17B6 in ^"""^f^^ 
Alinea^reJationship was «bsenredbetween the peak cas- 
trations and thfe ar«a under the coive, and the dose of A57 
5?26^n«nistered (Fig. IB). Hie A7Y l^^ak ecncentoi. 
tior^ ^ere 20.9. 71.8, and 329 J mgfl <^7-«' f '^^^J 

Cy W lA). These peak concentrations we |*6«v^«t 
fila to- a-iB lA). and the mean terminal half-life tTy^ 
£ aft; ^.0 hr. irr^pective of the^^ 

leSmide dose (TaWa 1). The ^^"Jf'^t^iSS 
absorption constant <Ki) we« not BtatRbcaHy^^nffi^^ 
SJ^^^i. treatmentfiroupa CP>0,05). and of 
1736 foUowed iir^-oider kinetics even at highest dMe<TaD.a 
i) sS^alyses performed with SaWc nice 
Snd^Sl dose leflunomide <35 mgftg) reveal^ ^ 

3 A?? 1726 cancentration. (140 mga^SW „M) and^ 
J^jJ24lwiaLewisrata;ho«ever..theKe.wasaigaificanlJy 
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Figure 1. (A) aamacekmstice of ^ 
1726 attei- a Biogle. oral dose 
in Uwts rats. Serum was harvested ai ^ 
indicated times, and A77 17S6 conccti^ 
tioHS dBtermmed by HPLC, Data a^ 

sented as meaa coJ»***^^=^5i?^^7m^ 
group, and bars represent SEM, 
relatiOTiahip between the AUG ^ ' ^ 
and ijeak concentration? of A77 
end tb^dose of leannoniideadH»inisteTeo\ 



^j. 16, iS99 



CHONG tiT AL. 

TABLE 1. Plmncacokincdc par^eters of aenim A77 17B6 following leauaomids admini^tratio-i 



-Ke (ml • minAB) 



lefhinoinide treatment ui Lewis rats 
frTm^e leQuflomide 0.256±0.112 
' 15 Zgfkg leflwnomide 0.190^0,005 
. SSingAcgleflunoimae 0.160*0.023 
l^^itiffle-dose Ifefiunomide treatment in BalWc mice 
" 85 mfi^ UllunomidQ 0.073 ±0>032 



0.484^:0.138 
0-197+O,t)04 
0.204±0.04B 

o.-soY^iro.iaa 



4.42=0.16 
3.49±T).19 
4.97+0.77 

15.02±4.'57 



lt)3 



iaa.otio.6 

764-'5=24,0 
3207.3±173.^ 

3446.5±973.9 



iwer (P<0.05; Table 1) r^ulting in a longer terminal half 
Jbfi of serum A77 1726. ^ . 

Kinj?ie dose uridine p/ww-mocofemrfica. Jfa vitro and m uiuo 
Oldies havfe indicated that uridine can be used to counter 
X Bffecta luting from the inhibition ofde m>vo pynmidine 
Etbesis 14. 201 We measured the levels of eerijun 
^%dine in Lewis rats before and after the adrajnifltration at a 
dose of uridine (500 m^, Lp.). Consistent with pre- 
^oua reports, the mean concentration of uridine in tiie serum 
Lormol Lewis raU was 6.5±0.9 fiM (n^l3) <7). A eingle 
Le of uridine (500 mg/kg) administered i.p. resulted m a 
ipid increase in the concentrations of serum uridine. Max- 
lum concentrations were observed within lS-30 min and 
iched a peak concentration of 384.1±63.5 iiM. Serum uii:- 
^^\e was rapidly cleared and returned to baseline 4 ht after 
Jdioe administration (Fig. 2A}, 

^Intracellular nucleotides foUowij^ a single dose of undme, 
^'next determined whether the elevated concentrations of 
MTaiu uridine resulted in increased intracellular pyriroidine 
fudeotides in the spleen, lymph nodes, and liver. A cohort of 
' Xewis rats Were treated with a single dose of uridine (500 
i.p.). The rats were killed after 0, 1, 3, 6, 12, and 24 hr 
=4^ per group), and lymph nodes and approximately 100 
[tg of liver and spleen tissue harvested. The nucleotides were 
litiwted from \he tissue by trichloroacetic add, and the 
^^ntratjons of tissue UTP. OTP, ATP and GTP d^r^ 
'ined by HPLC The administration of uridine resulted m 
^^i- 3 6-. 2.4-, and 1.5-fold increases in UTP, CTP, ATP. and 
^W, rtspectively, in the spleen (Fig. 2B-D). The tissue nu- 
cteotide concentrations remained at these levels for up to 6 hr 
ind gradually declined to baseline 24 hr after uridine admin- 
%ration. The T^a of tissue UTP in the spleen was 12.72 hx, 
' tt a Ka and Ke of 0.216 end 0,06 ml • min/k^, respectively. 

itifitical analysis indicated that the pharmacokinetics of 
aiP levels in the spleen after uridine administration was not 
IgnificanUy different {P>0.05) from the pharmacokinetics of 
^7 1726 after the administration of leflunomide, 

After uridine administration, the levels of UTP and CTP 
Iftcreased 4.9- and S-S-fold, respectively, in the liver tissue 
Taid IJ- and 1,3-fold, respectively, in lymph node ceHs (Fig. 
-D). The levels of ATP and GTP were also elevated S.l- 
2,9-fold, respectively, in the Hver and 1.6- and 1.8-fold Ln 
lymph iu)de cells after uridine administration (data not 
twn). We do not have an explanation for the concomitant 
g?iucrease in ATF and OTP levels but speculate that it could 
Reflect uridine-stimulated increases in metaholic activity in 
"Biese tissues. 

^AEffect of uridine on iha abilUy of leflunomide to control 
ieute ailografi r^ecUon in Lewis rats. Brown Norway hearts 
liransplanbed into untreated Lewis rats were reacted in 6-8 
Ifs. Treatment with 5 or 15 mg/kg/day of leflunomide xe- 
ted in the survival of the allografts for >50 days, whereas 
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400- 
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FrouiiB 2. Pharmacokinetics of uridine after a single, i.p., d<»a of 
orWinfi (SOO mg/kg) in Lewis T&te. <A)'Sormn was bftrwfesled bA the 
indicated tames and serum uridine JMncentrations det^mined liy 
HPLC Data are presented as meaji of 4^ja rats/gniup* and bsnS 
represent 'SBM. tB-D) FharmacokiJietics of pyrimidine and punnfi 
nucleotides in the «pleen (B\ Uver <C) find lymph node^) after a 
single, j.p.. doae of uri(&»e <5O0 mgAcg) in LewisTata. Lewis werp 
killed at «ie indicated times <4-.6 ralsferoup), andHhs nudeoWtis 
Erected Jbllowirtg protocols described under Material tmd Meth- 
ods. Data aro presanted ae percentages of ^'^^^^^'^t^^ 
bars ftpiesenrSEM. The baseline concentration* oTUTP, OTr, A^, 
and GTP in the Uvcr tissue were 92.0, 4.0, 357.7, 74^ pg/mg; m 
ajrfeen tissue S».9, -21.0, ail.8, and 50.9 pg/mg^^and m 
l^ph nodes tissues ware B.8. 7.3, and B.5 pMffiOxlQ« cells, 

respectively. 



treatment mth 35 mgfl^day rtsulted in the-sacnfice of ^11 
Lewis recipienta witfi beating aUografts in <30 days ato-aie 
tranflplant because of leflnnomide-reiated toxiCitifiS. 
tBOO mg^day. lp.) co-administration with lefluTwmide did 
not Bignificantly alter aUograft -survival, and all the hearts 
were beating on, day 'SO in the Lewie recipients J«c«ving S ot 
IS mg/kg/day leflunomide plus uridine ff able 2). In the 85 
mgflsg^day leflunomide plw utidina^op, Uie toaaty «f 
lefludofflidfi was significantly reduced and 4 of Ae S Lewis 
redpienta vfen alive, ^Ih beating aUografts on dayBO after 
the transplant (Table 2). One of the Lewis MCipients m this 
eombinatioB^otmfint^roup died on day 39, with a Seating 



Kited i^ the sur^al of the allQgrafto for >S0 days, whereas allograft. 
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TRANSPLANTATION ^ 

. h<rt nrpv^b the reieCt lon of allograft (brow n Norway) heart, by Lewi, r^ts- 
Table 2. Effect of urid inP or the abibty of leflunoimflB to prev&t. ^ ^ ^ . Histological «:ores 



None 
Lei' (5) 

Lef (5)fUridin6 
Lef(16) 

Lef (35) 

L6f(35)+Uri(iiiie 



AUograft svirVival (d) 



6, 6, 7. 7. 7. 7. 7» 8 
>60 CX8) 
>50 (X8) 
>50 QC6) 

>60 {m 

>13, >Z6, >28, >29p>29 
>3'r, >B0 (X4) 



Mean (ci) 

>&0 

:>50 
>50 

>47,4i2.B 



3A-3B (Xfl) 

2, 2, ii. 3. 3A, 3A. 3A, 3B 
2, 2. 2, 3A, 3A, aB, 3B, 3B 
lA, lA, lA, lA, 1B» 2 
lA, lA, IB, 2, % 2 
0, 0, 0, XAf 
0. lA, lA, lA, lA 




FtamB 3. Lcvelfl of aUoreactiv. IgM (AJ and (B)^'?^^^"^^ 
tive IeM (C) in Lewie rate treated with leflunoiradfe (Lef fi, 15, c>r 35 
SiC ^one or la combination ^th uridine (Urid; 500 mg/kg 
d^Ut ttm indicated diiy. after ih^ transplant The roiabve 3 mcjts 
o^llore^urtive feM and IgG and ^enoreactive IgM were quantflTted 1^ 
flow cytomotrk analysift. and data ane presented a» mean channel 
fluomcence (3 decade log ficale)±SE. There wer^ 3-6 rats per group. 



Uf(35)^Urldin e " 7/ h whBrea;i rfl unomide wo. administere ' d or^^^ 

60 after the tranaplant). 

Tnoni.theTepy €«»u,pB <Fig. 4E. F). There miiamal dep^ 
^ition of IgG in the allografts from aU leflunowide mimo. 
therapy aad leflunomide plus uridine groups ^data nwi 

^^llflunomide induced a dose-dependent reduction in tht 
lymphoid «,tnpartment6 in the BpUans of Lewis rats tranj- . 
planted -with Brown Norway hearts. The T lymphotgrte zones 
of the periwteriolar lymphocyte-sheath and the B-cell ames. 
located in the follicles, tnar^nal 2ones, and red pulp (espe- 
dally atound the pulp arterioles) w«e sigmficantiy reduad 
by lefluoomide (IS mgflssl'i^y, Kg- 4C D). -Undine wm- 
Bletely reveraed fte effects of leflunornide on the lymphoid 
compartments in the spleen KFig. 4G. H), sugg^tingtet 
altboagh uridine is able to reverse the antiproUferative O- 
fecte ofleflunomide in the spleen, it has only modeBteffetta ■ 
on the ability of ieftonnniide to control alloemft rejecbon. 

Efjwt of uridine on the (Aility of IsflMViwide to «nt*t>l 
acute dloer<ift reuection in C3H mice. BalWc hearts l^. , 
planted iato CSH mice were rqected in 8-10 days ^.rjftoot 
hnmunosuppres^ve therapy CTable 3). Leflunomide at ad^ 
of 30 mgfltg^aay delayed r^'ectlon for 21-31 day8<3L'0±m 
At this dose, there was no detectable tojddty in the Diouse ffi 
a result ofleHunomide administration. The lackof tano^ 
probably reflects the reduced sensitivity of mouse vau- . 
DHasfi to lefiunomide compared with the xat epzynw^.^. .; 
21 22). The mean percent of packed ceH yolume 1*'^' ' " . 
l«flunotnide4reated CSH mice, measured on the dayf ^ -C 
tion. was 62.3a:fi.7, while in imtreated controlfl ^ 
B2.02d5.8. Co-administration of uridine (50{) mgrtcg^we. i-P^ , 
twice a day) with lefiunomide resulted in a " 
rapid rate of allograft rejection in 19-Sl dnya <23.«±3^ .. 
N^). This was the maximum dose of uridine *hat«oulO n« .r 
administered in this sacperimental protocol as 4 «9 ""^^^ ; 
of uridine-related toxicity. The mean percent f^v < 
surviving recipients, measured on the day of r^ection. v 

Effixt of undine on the abiliiy of U^norrude to ^-n^. . 
a^utexenogJ^fi rejection inlems rats. "^^^^f^lrSi.. 
ster grafts hy Lewis xats is mediated by anti-hamster • 
produced in a T^ndependent and T-dependenfmame'y^..- 
^. We have previously reported that leflunomide . 
nigflsgMay. hut not at the 5 mg*g/day dose. ."^ ^S-^ 
acute xenograft r^ection in the hamstex-to-Uwis 
tatinn model (17). Lefiunomide at 15 mgflsg/day resn«^^ 
xenograft survival «nging*om 48 i» 
Buivivfll was >63-2±9.7 dayB). When l^nnnmide w» j 



We have previously reported that allograft rejection m Ihis 
model is accompanied by an increase in the titere of allorQac- 
tive IgM and IgG (Fig. aA, B). We here confcm that lefluno- 
mideTin a doae-dependeut manner, inhibited the increase in 
both IgM and IgG titers. (^i^adminiBtration of rf" 
sulted in a modest increase in the titere of nlloreacbTe IgM 
and IgG in Lewis rate receiving a 5 rngflie'day dose rfjeauno- 
mide but had minimal effects at the higher doses of lefluno- 

On day 50 after Ihe transplant, or at the time the rats were 
killed, the hearts were harvested and subjected to histologi- 
cal examination. Despite daily treatment with leflt^mide (6 
mgrtsg/day) for 50 days, the allografts demonstrated a mild to 
moderately intense inflammatory inffltrate and ^ome myo- 
cyte necrosis (data not shown). Ollular rejection was sigmf- 
i«ntly reduced in allografts when &e recipients w«e 
treat^ with a higher dose of leflunomide (16 mgrtiB/day: Fig. 
4A. B) and there were no signs of rejection m the allogi«fls 
harvested from Lewis rats receiving the highest doae of 1^ 
fioDomide (86 mgrttg/day) at the time they were ^^'^ 
(days 18-29 after the transplant; data not shown), in ttte 
group receiving uridine (500 m©asg/day) and leflwironde (5, 
S or 35 mgfl^day), only eli^tly exacerbated ^^^^^^ 
Uon was observed in the allografts examined on day SO oiler 
the transplant (Table a. Pi?, 4E. F). Some foci of mfiltrflting 
T cells and EDI macrophages were observed, and maisgmauy 
increased deposition of in the leA-^^ide /"surid^ 
rt^wnared to that in the leflunimwde Ci6 ingrug/aay; 



li rr^Z^T^ari;:^el^un^de (IS mg«^day) eviTviv.1 waa >63^±9.7 day.). «nen len, 
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SraimE 4. The Jibility of leflunomda (15 mg/kg/ 
^^'^s to i^^ilJit aUograft r€je4;fcion (A and B) was 
s^mally alTectGd by uridine (500 mg/kg/diiy) co- 
&mfitration flnd F). The proliferation of T 
\A B celte in the recipient «pleeA in responsa to 
iQgrflft stimulation wasi ijihibited by leflunomide 
j^ig/i^d&y) aud D). and this inhihitdon was 
versed by uridine <500 nig/kg^day) co-adminia- 
^doo (G ^d H). A and ^5: IgM deposition; B and 
F*TCBaP* T lymphocytes; C and G: B tells 
^^+) regions in the redfuent spleen; D and H: 
T eel) regions in the spleen- 



S5> 




8UB 3 Efifect of uridine on the ability ofleflunamide to control 
aUografb (Balb/c) rejection in C3H 



TtttfttniKxt 



};>XJr3dine 



|fW(30)MJridine 



8. 9» 9. 10. 10 
S. 9, 9, 10, U 
21, 27. 2d. 30. 81 
19, 19. 20, 30, 31 



MeRne±5E 

9,2±0.6 
94±l.l 
8L0±1.8 

fn Uridine w&s IdroinieteTed Lp. at 1000 rftg/kg/day <500 mg/kg^ 
"i given twice a day), whenefts leflunomide was administered 
iily at SO daily firom the day of the transplant untn n^eo- 
' • pata are {iresented as iiiean±SE. On days S, 10, 12, and 13 
Jr the traneplant. 4 other redpients in this gix>up. vtfith funclien- 
fienografts. died of uridine tOsdcity. Thi* observation indicated 
St ITOO TOg/kfi/daO' is the maximum tolerable dosa of uridine. The 
St of the C3H recipients were killed on the day of graft rqertioti. 

1% 




»ed to 36 rtg/kfi/day, all the Lewis redpients died or 
e killed becavise of, leflunomide toxicity before the eiid of 
i experiment (75 days). The mean survival of the Lewis 
lApient was 36.0±14.0 days; however, at the time of deatli 
^sacrifice, all xenosrafted hearts were beating VTable 4). 
next tested the effect of uridine coadministration on 
ahilily of leflunomide to prevent acute r^ection in thia 
insplnntation model. iTxidine^OO mgiO^day coadminiatra- 
fn completely antagonized the immunosuppressive activity 
il5 mg^day leflunomide. and the xenografts were re- 
v'ted in 0.4*0.-2 daySv In contrast, eo-adminiatration of un- 
Sie 500 mg/kg^dMy and 35 mgOcg/day lefhinomide resulted 
' bag^tenta xerte^raft survival ibr up to 75 days in 8 of 5 
.wpients; the remaining 2 xedpients were killed because of 
^flunomide toxidty witii beating xenografts {Table 4), 

previously reported, pathological analysis of the xeno- 
^^fb on day "50 after the transplant revealed significant 
^cular injury, indicative of chronic rejection, when lefluno- 
^de was used at a dose of IS mg^day 27). Xenons 
Snoved after 10 days of l^unomide monotherapy (15 mg/ 
j^day) revealed minimal signs of rejection <Fig- 5A, B). A 

sY,, ^ . . . . ^£k« ««(rt-cl t-ma^AH with 



leflunomide plus uridine teverage survival of 8.4 days) re- 
vealed severe acute rejection dtiaractOT^ed by intense IgM 
deposition, arterial nectoais, tiirombosis, and myocyte coag- 
ulating necrosis with a mild to moderate inffltrate -compris- 
ing neuteophila and rpactopbagea<Fig. F). At the*time of 
sacrifice of Lewis rats treated vrith 35 mg^day leQunonude 
(mean of 36.0:4:14.0 days after the transplantX-the xeno^afts 
seemed histologically normal, with no signs of inflammaloiy 
ceU infntration or 5gM deposition {Fig. -SC, D). Hearts 'Brom 
Lewis recipients tinted with ieflunomida <35 mg/ltg/day) 
and uridine rwealed mild mononuclear intracellular infiltra* 
tiott and depofliUoi\, with minimal myocyte necrosis in 4 
of 5 grafts (5*ig. ^G. H). One .graft had laevere mononuclear 
cell infiltration with arterial intimnl thickening, a teatm© 
characteristic of chronic rejection <data not shown). 

We have previously reported Uiat graft rejection in this 
concordant xenotransplantation model is accompanied an 
increase in the titers of xenoreoctive but minimal m- 
cr^ases in IgG (Fig. 3B) (/7). W« here conErm that lefluno- 
mide significantly inhibited the increase in xenoreactive feM 
titers at a dose of 15 mg/l^day and completely inhibited ^ie 
increase in the xenoreactive IgM tUere at the 35 mgAcg^day 
dose, Immunohifltochemical analyfiifi confirmed that lellano- 
mide was able to inhibit ^cenoantibody production in a-dose- 
dependent manner, witlx ^ificant IgM deposition in the 
xenografts on day 75 after the transplant in -groups treated 
with 15 mg*6/day Icflnnomide <data not shown) «nd 
minimal 1^ deposition in the 35 mgrti^day group^f^, «B 

and -SD). , 
In a^e groups in whidi uridine was co-adminiHtCFed with 
leflunomide. only marginally higher titers of circulating xe- 
noreactive IgM were observ^ at the IS n^^day dose, and 
uridine had no detectaMe effect on the ability of the hi^er 
leHunomide dose to inhibit xenoantibody production. Immu- 
nohiatochemical analysis indicated minimal Ig^Vi deposit 
in the xenogralls from the lrflunomide<r6 mgAcg/day) mono- 
therapy group on day 10 after the transplant (Fig. 5B), and 
dense IgMdeposiUon in the xenc^rafb at the time of r^ection 



i iir m^L^i:^::^:^^^.^ JSie^^ W rats treated with dense IgM^epositum m Trxe xenogr-. v.^ - 
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TRANSPLANTATION • ^ 

.. .. 4. Effect or^Hdine on on.nunc^de to co.Uol xe.og raft..g .n,3ter he^^^ 



None 

]Uf{5) - 

Lef (6)+XJridine 

Ief(16)-f Uridine 
LfifC36) 

Lef(35)+Uridin€ 



3, 4, 4, 4» 4. 4, 4, 4, 4 
6. 6, 7, 7, 1, 7, 7, a. 14 

48, 57,^7, 59. 60, 63, 75, >75^ >75 
8i 8, 8, 9, 9 

>24, >30. >31. >^5, >60 
>3d, >34, >75. >75,M5 



3.9^0,3 
7. 7 ±2.5 

8.3^0.25 
>58.3t10 



Histologieal scores 

4(AR;X9) 

4 tAlR; X9) 

4 tCEt; X9) 
3B, 4, 4, 4 JCAR) 
0.0, -0, 0, lA(Alt) 
IB, IB, IB; 2, 3B 



Lef (35)+Uridme >3d, >34, >75. >76, fa _ " .^wimiH^red oraUv at 5. 15, oris m^Ocg daily for up 

to 75 day.- Survival oOef-tro.ted Uwi. x.t. or f ^^^^^^^^^^ transplant). Hi.tologid scores ..re^detenubeci 

were harvefited on the day the fata w^ru killed or at th« end of expcriincut vaay ^ 

deecribed ander Materials and Methods grafts on day T5 after the tMlant. AR. acute r^ection; CI^- 

* > indicates that the Lewis recipients died or were muea wwn oea ^ 
chnmi<i vascular rqection. 






4 

PiCURB 5. I^a ability of leflunomid^ (IS mgft^:, 
day (A, B, E, F) and 35 mgrtcg/day) (C. P, G, H) to^ 
inlnbit xBOograft was eignffi«a*^ . 

versed by uridine co-adTmmatratioa<E-HX Xmo-i 
flrafte iware harvested on day W after transplartt ^ 
(A and B3. r^ection VO and F). day of mmto^ 
(C and D). or day 75 after transplanb (G aixdm Aj^r 
C E. aitd G: HE -staTning; B> and H: I^j^ 
iijunuDOQtaSmng. 



W 

v.! 



14 days after the ^ ^''•jS.SS 

eitlier allografts or xepografte. 'treatment ^tb 86^^! 
of Irfluiwmide resulted in a rapid dedine in the f^^^^ 
PCV (Pig. 6B). In -contrast, in the groups receiving undu 
^ 38 Sg*g/day of leflunotmde. the dectoe .n percent oP. 
PCV was ddayed<Pig.-6B). In the Lewis jec^ente 

uridine, there was no significaiit diop m the pertcntuB^ ^ 
PCV for the duration of the esperifljent 

At tfie end orthe*3«perinient<«ther natural ^eath « 

killed), Lewis rats w«« objected to ^^^P^f*^,^^ 
Sl^gicaJ sigiis oTleflunon,id« toridty<35 ing/l^M 

SServcdprimlrily in BtnaU bowel and bver^.^J^ 
EpUhdial abnorm^es were o^^^^f^t!^^;^^^: 
cosa of the small bowd oF«its -^13^ 
mide (S5 n«rk«^day). In pirticular, th* v,m '^^^.^JS 
wide and mature intestinal epithdi^ celta. 
cellB. bniEhbordexfibsorption epithdium, and 
^•*par«ally or completely ^jWdtuted by 
columnar tseUs. with or without d3^« f 'fr 
epithelial abnormalitija could be caused a^P^^ 

luon wiai u«^^, --—w. r _^ r^enti^on, or inhibition of regeneration <tf t^j^^^ig 

Mil S»g.-^se4en«nomide.XMdines,gn.«cant.P^ 
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(day 8-10 after the transplant) in the group treaty with tS 
initg/day of leflunomide plue uridine (Fig. 6F). ^as 
alio marginally more IgM deposition in the xenogrtrfts on d^y 
75 in the groupe treated with 35 mgflsg/day of leflunomide 
pto uridine (Fig. SHX compared vilh the lofluna«ide m^a- 
therapy group (Fig. &D). These results indicate that uncbne 
can reduce Ihe ahiUty of leflunomide to control xEnoreactive 
production in the bamfiter-to-Lewia concordant xeno- 

transulantatioQ model. : , , 

E^ct of uridine on the toxic side-effects of leflunomttU m 
Lewis rata Lewis rats with either an ellograft or a xenograft, 

and treated with leflunomide at a dose of 35 
survived for a mean or30.5 days (Fig. with^one of W 
lats surviviag <50 days. When th6 same dose of leflunoimde 
was administered with uridine (600 rogfl£g/day). the mean 
survival of Lewis rata was signiiicantly enhanced, end 7 of 10 
Lewis rats were aHve after 50 daya (Pig. 6A). These obeerva- 
tions suggest that this dose of nridhie could antagonize the 
twdc sldTeffects of high^e leflunomide. U^wis lecipiente 
treated with 15 mg*g/day of leflunomide alone, wm combi- 
nation with uridine, exhibited minimal «ign9 of tmaa^. 



IS. ^^^^ 



CHONG ET AL, 



107 




ID 20 30 
Tccntmem (d&y3) 



60 
50- 
40- 
30- 
2Q 

lOH 




-f—r 

0 



10 20 30 
Treatment (dtqrs) 



™uBs 6, (A) Survival of Mwis recipients after treatment with le- 
InioniidB (Left 15 or 35 mg/kg/day) alOAB or in combinaUon with 
(Urid; BOO mg/kg/day). CB) The hematocrits in Lewis recipi- 
au^ ^fter treatment with feflunomtde (Left IB or 35 mgfeg/day) alone 
combiTOtion with uiidine (Urid; 500 mg/lcg^day), Data are 
Lted M Man PCV of 10 rate±SE. 



iving 
5^day 

idifte 
At cf 

vriOi 



gnled changes in the small bowel in the three eurviving 
i^is ral^ treated vrith lefhinomide and uridine for &75 days 

gToxidty in iihe livisr was characterized by fatty degenera- 
1, atrophy, and necrosis of the hepatocytee in the central 
iilar r^'ons lYlg. 7B). These changes were completely 
Vgated with the co-administration of nridine, and the 
of the hifltological analysis (rf the liver seamed nor- 

(Fig. 7D). 



DiSOUSSION 

men relating the in vitro activity of a drug to its in vivo 
activity, it is usually necessary to assess the drug levels in 
the blood and tissue, at dosea known to modify the function of 
the target organ syBtgin. With leflunoroide, two in vUro ,ac- 
tiviUes are known to eadst at two distinct concentration^: 
inhibition of de novo pyrimidine synthesis and selective in- 
hibition of tyrosine kinases. Either of these activities nugkt 
account for the immunomodulatory activity of l^unomide. 
To individually assess ihese activities in vivo requires that at 
least one of the activities be <;ontrolled. Uridine can be u$ed 
as an antidote for inhibition of de novo pyrimidine synthesis; 
thus, we fitst conducted a pharmacokinetic analysis of serum 
A77 1726 after the administration of lenundmido. and of 
serum uridine and tissue nucleotide triphosphate levels after 
the administration of uridine. 

After a single oral administration of leflunomide^S, I6j and 
36 mg/kg), we observed a linear dose-dependent relationship 
between the dose administered and tte concentration of A77 
1726 in the setunu Con&atent with previous studies^ the 
increase in A77 1726 levels in the serum was relatively alow 
lKa= 1.97 to 0.4B4 mL • min/lig) and peak levels were reached 
in«-8 hr, irrespective of the 6o&&i2B,m. After the admin- 
istration of a single, i.p. dose 500 mg/^ of uridine in Lewis 
ratfl, increased levels of serum uridine were detected almost 
immediatdy and the peak concentration of uridine in the 
serum, 384.1±«3,5 /iM/L, was observed within 16 min 
29). However, uridine plasma levels returned to normal hy 4 
hr, indicecUng that the phaimacoMnefticB of uridine are sig- 
nificantly different ftom that of A77 1726. The^els of UMP 
and OTP in Ae spleen, lymph nodes, and hver of Lewis rats 
were elevated within 1 hr after the administration of 500 
mg^ uridine. In contrast to rajrid elimination of serum 
uridine, the levels of UTP and CTP in the spleen, hver, and 
lymph nodes nemained^lev^ for «-l2 hr. Our data further 
suggest a hierartdiy in the duration of elevated pyrimidme 
nucleotides in the Bpleen>liver>lymph nodes* perhaps re- 
flecting the abOity of different tissues or cella to salvage 
uridine and the availabiUty of serum "uridine A 



7, Histological eitflminatiwi of die effects 

leflunflmide <3B mg/kg/day) manotherapy CA, 
5[i:or in aanbination with utidioe (C, D) in the 

II bowel (A, C). and Kvet (B, D). Liver and 

bowel were stained with hematoxylin and 
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critical role of the spleen in the development of cellular and 
antibody responses is suggested by Oie central position of the 
sDleen in blood circulation and the large numbers of lympho- 
cytes migrating. Thus, it is noteworthy that the pharrnaco- 
SrTetic findings of UTP levels after uridine ^'"^^^^' J^ 
the spleen is most similar to that of serum A77 1726 after 
administration of leflunomidfi. . 

nait examined the effects of uridine ^ the immuno- 
Buppiessive activity apd toxicity of lefluno^de in Lej^s rat^ 
rccSving ^^th brown Norway or Golden Synan hearts- On 
the baeh of three criteria: survival, histological examination 
of the allograft, and Uters of alloreactive antibod.es. vre con- 
clude that the abiUty of leflunomide to control allo^aft re- 
jection seen« to be only minimally affected by imdme co- 
administration. It is interesting that the lymphoid areas m 
the spleen that were significantly reduced in leflunonnde- 
treated rats receiving allograft hearts were Sigmficantly re- 
versed by uridine eo^ministration. We. therefore, specutete 
that the immunosuppressive effects of lrfl™de in ^s 
allotransplantation model are independent of the DHO- 
DHas^ependent antiproliferative ^Ifccte of leflunomidB In 
a second allograft modd (Balb/c into CP'^*^^..^^,^^^ 
modest effects on the hnmunosuppressiye activity 
mide. These data art consistent with the oonduaion that the 
mechanism by which leflunomide controls aUoreacbvi^y is 
larisely independent of iohiteUon of pyrinudine synthesifl in. 

"'lie modest effect of uridine ia this ollografl: model con- 
trasts with our in uitro data that indicate that uridbne ^ 
complately antagonize the antiproliferative activity of the 
active metabolite of leflunomide. A77 1726, wlien it is used at 
concentrations that are ^25 ,M CS). However, we had noted 
that uridine only partially reversed the antiprohferative e^ 
fects of A77 172fi when the concentrationa were 250 /iM. and 
had no effect of the ability of A77 1726 to inhibit T cefl 
cytoto«c activity (P). Because A77 1726. at IC^o «f ^50 ^. 
inhibits tyrosine phosphorylation in lymphocytes, we had 
hypothesized that the immunosappressive 
uM A77 1726. and in the presence of uridine, results from 
inhibition of tyrosine phosphorylation {6.9, 32). 

Single-dese pharmaeokinetic studies of rats treated wiHi 
leOunomide at 5, IB, and 35 mgflcg/day indicated ^lat Peak 
concentrations of A77 1726 in the sera were 77^, 266.1 and 
478.8 fiU, respectively, whereas the 24 «rndgh «ncentra- 
tions are 4.9. 6.3, and 126 ftM, respectively. AdditionaUy, 
Binde-dosB pharmacokinetic studies of mice treated with le- 
flunomide at 35 rngfltg^day indicates that tha peak c^cen- 
tration of A77 1728 in the sera is S1R2 pM, whereas *e 24 
hr trough concentration is 227.6 fM (datanot aho^. ^ere- 
fbre. flie inability of uiidine to counter the e&cts of leflim^ 
mide in tJiis aUograft model is consiatent with the m vitro 
observations that Widme canaot reverse the ^^-^^ 
presaive activities of higher doses of A77 1726 . a vUro (P). 
We thus, conclude that the primary mode of unmuftosup- 
nrcssion by leflunomide in this allograft model may be re- 
lated to the inhiHtioD of tyrosine phosphorylation and that 
the inhibition of de novo pyrimidine synthesis is of secmdaiy 

"T^SSst to the modest effect of uridine in the allograft 
model, the ability of uridfaie to antagonite the iinmunosup- 
r,r<H«iVe aridvitv irf 16 mgflsg/d^ of leflunomide in the xeno- 



eraft model is very convincine- In the leflunomide mono, 
therapy groups (15 mg/kg/day), the .xenografts survive for a 
mean of >63 days. There was minimal IgM deposition m the 
xenograft on day 10 but significant IgM at the time of r^ec- 
tion or on day 75 aftai- the transplant. In the combination 
therapy group, the xenografts were rejected m 8-^ d«j^ 
and rejection was associated with extensive deposition of IgM 
in the xenograft. At the higher dose of leflunomide (35 mg/ 
wdav). the effect of ui idine was more modeet and the xeno- 
^h^rts^ere still beating at tiie time the rate were killed 
(day 34 or day 75 after the transplant). A histological eiam- 
inotion of the xenografts from the combination treatmont 
croup aeflunomide 435 mgWday] phis uridine) revealed ia- 
CTCBsed signs of inflammation, chronic r^edaon, and JgM 
deposition, .compared with the 35 mgrtcg/day teflunomide 
monoiherapy «roup. These observations suggest that irfnbw 
tion of de novo pyrimidine synthesis is an important i«rt »f 
immunosuppressive therapy in Iho ^cenoti^nsplantabou 
model. ItlUrther suggests that insufScient undme is not tho 
explanation for our observations in the anotiansplantatioj, 
model. 

The contrasting effect of uridine on the mununosuppres- 
sive activity of leflunomide may result from diffarent mech- 
anisms of reaction in the allograft versus the xeno^ 
modeL Acute xenograft rejection is dependent on the rapid 
production, of Jcenoi«active IgM; in contrast, ftcuto alto^aft 
rejection a T-cell dependent process (17, 33). Therefore, i 
i/possi^le that the control of B eeU fUnetion »ti xwognA . 
r^ection W leflunomide depends more on the inhibitum 
pyrimidine synthesis, whereas ihe omtrol ^ T cells by k- 
flunoinide may be more dependent on the inhibition of ; 
rosine phosphorylation. In vitro observations swst <hatB 
cells may be more Busceptible to ihe effects of inhibition of & , 
novo pyrimidine synthesis ihan T ceUs t9. -10. 34-56). 

A second goal of these stiidies was to investigate whether 
uridine<»iild be used to contPoUeflunomide-induced tona^. • 
The roost consisteDit symptoms in Lewis rate treated wi^3S 
ra^day of leflunomide were severe anemia and diarrhrt 
iJultingin weight loss, dehydration and, ultimately.^A^ .j 
Uridine was able to significaiitly reduce the anemia m i 
DTOlong the survival of the Lewis «ts: Autopsies revedtf 
liver necrosis and pathological changes in thetmaU bowd« i 
raia treated wilh 85 mgrt«S^day lefluntfmide. Moat tb^ 
changes were signtficantiy reversed by uiidhie ^o-ad^a^ 
3n, suggestixig that the toxicity ^*e ^iVer a°d^ 
bowel, and the inhibition of bematopoiesre, is largely tau*" 
by inhibition of pyrimidine synthesis. ^.^.bioa^i 
'la summary, we report that undme had mtnor ^bW^. 
the immunosuppiessive activity of leflunoimde in the tfj^x 
graft model, and a mote rignificant effect m the xen^^v; 
model. Thus, it seems that the mechaaEm of 
pression by leflunomide in vioo is complex and ™y 
fected by at least the fbUowingfbur facto«: the type and «^ ^ 
of the iJimune response; the availabilily of J^ndme ** 
vage by proliferating lymphocytes; the species^^^a 
3 by ^ leflunomide iriiibits Ihe activity of dihydi*-.; 
xSte dehydrogenase, and the levels of A77 1726 invifio -JA 
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Jidmcwled!gment$> This work was*mded in jart by Q«i*»* J 
the Natioaal tetitutes Of Heal* <t^W. • * 



Wm n^Vft aridvitv rf 16 msfl«g/d^ of leflunomide in the xem,- tne«««»u.* 
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METHODS AW COMPOSmONSl^RKEDlJClNG TOXICITY ASSOCIATED 
^ * MTTH LEFLUNOMIDE TRE ATM^T 

Lcflunomide is an isoxazole derivative which has shown iherapcutic potential in a 
5 diverse array of disease processes and conditions. e.g.. as an anliinflammatoty agent, an 
inununosupprcssive agent, an anticancer agent and an antiviral agent. 

Lefhmwnide is currently approved in the United States for use in the treatment of 
rheumatoid aithriti. to reduce joint inflammation. It is marketed, under the trademark 

ABAVA* 

10 U.S: Patent Nos. 5.624.946 and 5.688.824. incorporated herein by refiaence in their 

entirety, report that leflunomide has been used experimcnttUy as an immuDOsuppressive 
4gpnt m the treatment and prcvenHon of chrome rejection in xenograft and allograft 
tna«plant recipients, both alone and in combmaticm with other iimnunosuppressWe-'agents. 
m addition to data suggesting its value in treating, preventing and reversing acute 

15 and chronic rejecdon, U.S. Patent Application U.S. 2003/01 14597, inooipocated her«n by 
xeference in its enlirtsty, reports that leflunomide has been shown to inhibit viruses of the 

Hcrpesviridae family in v<ino. 

U.S. Patent No. 4^5.276 describes the use of leflunomide to beat^tJic graft 
versos host disease and other autoimmune diseases such as systemic Jupus erythematosus 
20 (SLE). Leflonomide has also been shown to exhibit antineoplastic activity against certain 
tumors (Xn X et al.. Bioch^. Phamacd. 1999; 1i8:1405) and may act by inhibiting tumor 
neoangiogenesifi (WaldmaaWJ ct aL, Dransptmtatiw 2001; 72:1578). 

Despite the reported iherapeutic benefits of leflunomide in the neatment and 
ptevenlion of these disease processes, it has abo been noted fcat administration of 
25 leflunomide may produce dose-limiting toxicity. Toxicity associated vnfH high doses of 
leflunomide mdude anemia, diaiAea. and paftological chants of the small intestine and 
Uver. m a study of the anti-cancer efiects of leflunomide (inhibition of the oncogene 
product PDGP and PDGFr) observable beneficial effects were reported but the doses 
required for these effects produced unacceptable incidence of «ide effects, includingijevere 
30 weight loss, anorexia and anemia. QUo, Yoo-Jour^ si. Qinical Cancer Search, 

200l;7: €00-805) 

Recently, it has been suggested that uridine therapy reduces the toxicity of 
Irflunomide without significantly impairing the control of aUopaft T<5ection afforded by 
. „ Ti.^ «n»ftnniifi uridine occurs diroiigh the pyrimidine^alvag^i 
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pathway in th» face of the leflunomide'^ blockade of the de novo pathway. 
Not^athstanding the polenlid benefits of adrainistitrtion of exogenou. uridine, therapeutic 
^ of uridine is eompUcated by its poor bioavailability (about 8% - 10%), requirirtg high 
dose adniinirtraticn for effective therapy. Moreover, high dosea of uridir« may cause 
5 ga^ointesdnal compUcations. including diarrhea, which are poorly tolerated in transplant 
patients dependent on intestinal function for therapeutic drug administration and which 
may exacerbate the dianhea sdieady causcdhy the leflunomide. 

The present invention relj»te$ to the surprising discovery that the use of orotic acid 
alleviates the toxicity typically observed with leflunomide adinirustration. Orotic aoid (also 
10 known as vitamin B.^). an intennediate in ^ uridine ^y^^^ P^way. appears to 
eliminate the pyrimidine deficiency caused by the malononitrilamides. metabohles 
(analogues of the active metabolite) of leflui«Mnide. while avoiding the problems 

associated with uridine administratiQn. 

AccordiABU^ the invention provides methods and composidom. usefiil in 
IS allevUting or reducing toxicity associated with leflunomide administitition without 
reducing its bioactivity, c.g.. without racing its immunosuppressive activity. The 
present invention uses a bioavailable pyrimidine compoimd to ameloriate (he toxic effects 
(eg., anemia, dianhea. heptotoxicity) caused by leflunomide compounds. As a result, 
high' doses of leflunomide compounds can be administered with minimal danger of 
20 toxicity, all the while mamtaining the therapeutic efficacy of the leflunDmide compouid. 
Co-administradon of a leflunomide compound with orally bioavailable pyrimidines. such 
as orotic acid, provides for treatment opportunities using leflunomide compounds 
pwviously believed to be toxic. e.g., the present invention provides methods of reducing 
tiie toxicity of A77 1726 (ametaboUte of leflunomide) analogs (described bereinbdow) by 
25 ««Kjministeiingaleflunomidecompom.dand.e.g.orotic»^^ In addition to orotic add. 
it is contemplated that additional analogs and metaboUtes of orotic acid or otber 
bioavailable pyrimidine compounds may be suitable. 

In one aspect, the Invention provides pharmaceutical compositions particularly for 
oral administration. Such pharmaceutical compositions suitably include a leflunomide 
30 compound, a Dioavailable. especially an orally bioavailable, pyrimidme compound or a 
salt thCTBof, and a phannaceutically acceptable carrier. 

fa "another aspect, the invention provides a metiiod of extending tte dosage range 
of a leflunomide compound. The method involves co-administering to a-subject, e*. a 
mammal, an effective dose of a leflunomide compound and an oraHy bioavailable 
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pyrinudine compound or salt thereof, e-g.. oiotic acid. Thus, the invention provides a 
method of administering high doses of a leflimonudo conipoond without developing, i.e.. 
reducing, toxicity resulting fi^m leflunomide admini^on, which tneBK>d conipnscs 
administering to a mannnal. ^.g.. a human, treated ^th a leflunomide compound an 
5 effective amount of a bioavailaWe pyriinidine compoimd. 

Tl,e invention firfher provides methods, of prevention or treatment of certam 
disease states or processes diat are suitably treated with a leflunomide compound. ^ 
disease states or conditions include transplant rqection. 

The invention will now be described in detail, those stalled in the art w,ll 
app«ciate that such a description of the invention is meartt to be exemplary only and 
should not be viewed as limitative of the foil scope thereof. 

The following definitions used in the art may be usefiil in aiding the stalled 

practitioner in understanding Bie invention. 

-Ameliorating'^ means observably reducing, alleviadng. inhibiting or dimmishmg 
«.y undesirable effect or symptom of a condition or process assodated v^th a di^ .late 
or any undesirable effect of a treatment of a disease state. For example. "amdioraUon of 
the effects of pyrimidine biosynthesis irhil»tion- may refer to any observable reduction m 
side effects caused by pytimidine biosynthesis inhibition. Suitably, at least a W. 
reduction in symptoms or «dde effects maybe observed. 

The term "co-administn»tion" includes administration of two or more agents in a 
rii^e unitary dosage form, ^dmmistration of agents concurrently, and administiaUon of 
agents sequentially, as long as they arc given in a mamter sufficient to allow both «gents to 
achieve effective concentrations in the body. Tte agents may be m an admixture, as. for 
example, in a single tablet, or simply given' concurrendy. Hu. agents may also be 
.Amnktered by di^t routes, e.g.. one agent may be administered intravenously while 
d« second agent is administered onJly. In sequential administration, one agent may 
directly fbllow fldmmistration of the other or the agents may he administered episodKally. 
i e one can be given at one time followed by the other at a later time. 

An "effective amoune' of a compound, as used herein, means that amount of the 
compound or composition administered to a subject wMch is eflective to i»oduce its 
intended fimction. e.g.. in one embodfanent of the invention, prevention of transplant 
rqection. Thus, a -therapeutically eflective amount" is an amount .fiective to produce 
therapeutic results. A "toxicity-reducing effective amount" is an amount effective to 
^ toxicity. Typically, administmtion of effective amounts to a subject results m 

t 
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observable ameUoiatioo of undesirable effects or symptoms of the condition or disease 

process which the subject is being treated 

"Extending a dosage range" refers to providing a means by which greater doses of 
an agent may be administered to a subject to increase therapeutic efTectWojess. TypicaUy, 
5 extending a dosage range is useflil, e.g., when efficacy of an agent is dose dependent but 
incieascd doses of the agent also leads to dose dependent toxicity. Alternatively, the term 
••extending a dosage range" may refer to administering agents believed to be toxic al any 
dosage. 

A 'leflunomide compound" refers gpnerally to leflunomide, its analogs, its 

10 metabolites and analogs thereof 

Leflnnomide is ao isoxasole derivative witti a chemical name of N'<4- 
tiifIuoromcthylphenyl)-5-methyHsoxazol^aiboxamide having the foUowing chemical 

formula (I): 




Analogs of leflunomide which may be use&l in the pracdoe of the methods of the 
inveition may be rqwesented by fisrmula (P): 




wheiein R, and R, are independently selected from the ^oup consisting of -CTj, ^, ^l. 
-F. -Br, -CN. -COOH. -OCH3. -NH-CaCH2Cl and NH^O-CHiBr. ^ U.S. 
Patent Nos. 4,087.535} 6,133,301; and 6,727,272) 
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Leflunomide's active metabolite is «^ to as «A77 1726" (2 cyano-3hydxoxy- 
N-(4-triflurom«Mhylphe«yl>.bmeneamide). After administration. Icilunomidc is rapidly 
converted to its active open^ring fo™. A77 1726. and is shown herein as formula (HI): 




(HI) 



Hus compound, a member of the matonomtrilamide class of compounds, appeals to 
axxxnint for leflimomidc's activity and toxicity. AMioUBh ite mechanisnx of «*on is not 
completely understood and wishing not be bound of any particular d«ory. A77 1736 « 
beUevcd to exhibit at least two biochemical activities in vfw: itAfl>ition of dihydioo«.uc 
10 add dehydrogenase CDHODH) in the de novo synthesis of pyrinridine nucleotide 
triphosphates; »nd inhibition of selected tyrosine ldna«« involved in T-CcH. B^dl, 
vascular smooth muscle cell, endothelial cell, fibroblast and tumor cell signaling c^es. 
A77 1726 also has been leported to block NFkB and AP-1 activation in peripheral blOOd 
lymphocytes In vitro. Additional mechanisms remain to be discovered. 
15 Suitable malononitrilamide compomids which arc analogs of A77 1726 may be 

osefid in the practice of the methods of the invention and may be leprcsenied by foimnla 

m 




20 



wherein R, and are independently selected fiom the:group consisUng ol -ur „ -n. 
.F -Br -CN. -COOH. -OCH,. -NH-CO-CH^CJ and tW-CaCH^Br and wherein R, « 
seiectei ftor^ the group consisting of C,., allcyl. allccnyl. C-5 alkyi-yU and C>6 
cycloalM Compounds of formula (IV) include fK7778 andTK779 viterein R, .8 -H. Ra 
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is -CF3 a^d R, is butynyl (i.e., 2-cyano- 3-hydro3cy-N-[4-OufluaiomethyO ph«iy«-2- 
bepten^ynoic acid amide) and R, is -H, Ri is cyano and is oyclopropyl (i.e., 2-cyano- 
3.hydioxy-3-oycloprQpyl-N-(4-cyanophenyl)-propemc acid amide), respectively. 

some embodiments of the methods of the invention, the leflunomide compound 
5 is administered as a prodrHg to subjects and subsequently converted in ^ to ite acrive 
xoalononitrilamide compound, defined above. » is contemplated, however, diat the 
calononitrilamide compound may al«> be directly administered, and the term 
"leflpBomide compound", as defined above, also lefets to maloncnitrilamide compounds. 
It iB to be understood that discussion herein regarding l^unomide compound 
10 administration is meant to be inclusive of malonoiunilamide compomid administration, as 
appraptiate. 

Lenunomide and its analog? can be prepared by known methods such as those 

described in U-S. Patent No. 6.723.855; U.S. No. 6.727.272; U.S. Patent No. 

6.133^01: U.S. Patent No. 5.905,090; U.S. Patent No. 4.0B7^35; U5. Patent No. 
15 4!35l.84l; and U.S. Patent No. 4,965^ aU of which are incorporated herein by . 

reference in their entireties. Leftanomide is also commereiaUy available ftom chemical 

suppliers, such as SynQuest Coip. (Chicago. BKnols). 

As used herein, "bioavailable" in reference to apyiimidinewmpound is one that is 

at least about 20% bioavailable after administration. "Orally bioavailable" in reference to 
20 a pyrimidine compound 5s a compound that is at least about 20% bioavailable after ond 

adtxunistration. 

The phrase "phannaceutically acceptable canier." as used herein, means a 
phaimaceuticaUy-acceptable material, composition or vehicle, such as a liquid or solid 
filler diluent, cxdpient. solvent or encapsulating material, involved in carrymg or 
25 tran^iorting the subject chemical fiom one organ, or portion of the body, to another organ, 
or portion of the body. Each carrier must be "acceptable" m the sense of being compatible 
with the other ingredients of the formulation and not injurious to the subject. Some 
examples of materials which can serve as pharmaceuHcally-acceptable carriers include: (I) 
sugars such as lactose, glucose and sucrose; (2) starehes, such as com Starch and potato 
30 starch; (3) cellulose, and its derivatives, such as sodium caiboxymetbyl ceUulose. ^yl 
ceUulose and cellulose acetate; (4) powdered tragacanth; <5) malt; (6) gelatin; (7) talc; (8) 
excipients. such as cocoa butter and suppository waxes; (9) oils, such as peanut oil, 
cottonseed oil, safflower oil. sesame oil. olive oil, com oil and soybean oil; (10) glycols, 
such as p«>pyleac glycol; (11) poiyols. such as glycerin, sorbitol, mannitol and 
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polycftylcnc glycol; (12) ester., such ^ ethyl oleate and e»hyl lauratc; (13) agar; (U) 
buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alg.mc 
acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringefs solution; (19) ethyl 
alcohol (20) phosphate buffer solutions; and (21) other non-toxic compatible substances 
employed in pharmaceutical fonnulations. Wetting agents, emulsifiers and lubricants, such 
sodium lauryl sulfate and magnesium stearatc, as well as coloring agents, release 
agents, coating agents, sweetening, flavoring and perfoming agents, pr^ervatives and 
antioxidants can also be present in the conipositionB. 

As used herein, ••preventing." "reducing risk" or "deduced risk" as it apples to a 
particular condition or disease process. refe» to observable r^olts which te^ to 
demonstrate that a particular treatment or treatment regimen has insulted in a sigmficant 
decrease in incidence of the condition or disease pn>cess in a treated populaUon. as 
compared to an untreated or control population. Suitably, risk is reduced, or a conditmn is 
prevented, if at least 50% of the ueatcd population are not afflicted. 

As used h««n. a "pyrimidine compound" ref<jrs to a compound that .s 
bioavaQable. especially orally bioavailablc. and usefiil eUher directly or as intcnnediates m 
pathways for supplying pyrimidine nucleotides. A suitable pyrimidine compound is, e-g., 
oxodc acid. Odrer suitable pyrimidine compounds indnde orotic acid salts, triacetyl 
uridine and salts tberwf, cyUdine, ftcylated cytidinc and salts thereof. 

It is to be understood that the phrase "a salt thereof;" when issed herem to refer to 
pharmaceutical compositions, means physiologically compadble salts which ^ 
pharmacenticany accqrtablo. Examples of suitable salts are alkali metal sodmm). 
alkaline earth »retal (e.&, calcium, magnesinm) and ammonium salts, including those of 
physiologicalty tolerated organic ammonium bases. 
25 As used herein, the term 'treating" means observably reducing any undesaabfe 

.ffect or symptom of a condition or process associated with a disease state or any 
undesirable efibct of a treatment of a disease state. Suitably, at least a 5Q% n=ducfion m 
symptoms or side effects may be observed m a treated subject. 

It also is specifically understood that any nmnerical value recited herein includes 
30 all values fion. the lower value to the upper value, i-c. all possible combinations of 
aumerical values between the lowest value and the highest value enumerated are to be 
considered to be expressly stated in this appUcation. For example, if a concentration range 
is stated as 1% to 50%. it is intended that values such as 2% to 40%. 10% to 30%. or 1% 



20 
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to 3%. etc.. are expressly enumerated in this specification. These ate only examples of 

what is specifically intended. 

to one embodiment, the present inventioa provides an effective method for 
.educing the ride of toxicity of leflunomide compounds used for the treatment of transplant 
5 rejection. Particvilarly. the present invention relates to therapeutic methods for 
ameliorating the risk of toxic side effects of a leflunomide compound, and thus penrntting 
extending dosing of such compounds. THe present invention provides treatment of a 
patient suffering ftom the toxic side effects of a leflunomide compound with an orally 
bioavailable pyrimidine compound based on a novel treatment protocol. The pynmidme 
10 compound is suitably otitic acid, a salt thereof (e«-, sodium oiotate), or a tnacetylundme. 
The pyrimidine compound is provided to the patient to significantly reduce the toxic 
effects of a leflunomide compound. e.fi.. anemia and idianhea resulting in reduced 
hematocrit and weight loss. THese attributes are achieved thtough speci& properties of 
the pyrimidine compounds and the novel treatment protocol as described ha«n. 
,5 A suitable pyrimidme compound is orotic add. Orotic add is found m small 

concentrations in the blood of healthy individuals. Elevated levels appear to be itee of any 
appredDbk complications in humans and animate. Several conditions are taown. 
however, in which orotic acid levels in the blbod are elevated, e*. in urea synthesis 
defects, in individual Hcitjditary Oroticaciduria treated with uridine for years, and m 
20 patienis receiving allopurinol, vathout recognized specific dam^^ to addition, it is 
recognized ihatblood levels of orotic add are elevated several fold in renal failure wiAout 

q)6cifica]ly recognized toxicity. 

Orotic add may be prepared by coiuiensation 6f urea wi& flie monoethyi «ster of 
oxalacetic acid in methaiK)!. Other preparation methods, includiiig those utilizing 
25 biotedmological methods known in ttie art, are also suitable. Orotic acid may be 
administe^d in its ftee add form, or may be administered as a phaonaceutically 
acceptable salt Examples of sdtable salts are alkali metal (e.g.. sodium onJtate). alkalinc 
earth metal (e.g.. magnesium orotate or caldum orotate) and ammonium salts, includmg 
those of physiologically tolerated organic ammonium b^es. Orotic acid is also 
30 ^tninaciaUy available from chemical suppliers, sud. as Aldikh<MilwaUkee. Wisconsin). 

■ Also included among the bioavailable pyrimidine compounds of the invention are 
ftose comprising certain known acyl derivatives of uridine. i.«., acylated uridines. «.g.. 2\ 
3'. 5'.tri.0-acctyl uridine (or triacetyluridine (TAU)). 2*, 3', -S'-tri-O-propionyl uridme. or 
2\ y. S'.tri-0^uiyryl uridine. TAU. for example, is orally bfoavailable. TAU and other 
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acyl derivatives of uridine can be made by melhods toown in the art (see. e.fi.. U.S. Patent 
No 6 31M26; U.S. Published Patent Application 2002/0035086 and references cted 
therein, aU of ^hich an, incorporated herein by reference); TATJ is also commercially 
available through SP-Chemicals, Ludvdgshofcn, DK. 
5 The pyrimidine compoimds of the invention also include cytidine and certain acyi 

derivatives of cytidine, i.e., acylated oytidines, e.g.. 2'. 3'. S'-tri-O-acetyl cytidine (or 
triacetylcytidine. or TAG). T, 3', 5--tri-0t.«)picmyi cytidine. or 2-. 3«, 5'-tri-C^butyryl 
cytidine. TAC and other acyl deiivaUves of cytldine can be made by methods knawn » 
the art (see, e-g.. U.S. Published Patent Application 2002/0035086 and refeieoces cted 
10 therein, all of which are incorporated herein by reference). 

Suitably, the pyrimidine compound may be administered in an amount that .s 
approximately that which is needed toprovWethedailypyrimidine synthesis rcquu^ 

minus what is provided through the salvage pathway, The total pyrimidine ^thes« m 
adult humans is estimated to be fiom about 4 mmol/day (o about 12 mmol/day. or about 
15 450 to about 700 mg of uridine per day. (Bono VH. Weissman SM, Frei E. The effect of 6^ 
azauridine admini^ation on de novo pyrimidine production in chronic myelogenous 
lenkemia. J Clin Invent 1964; 43:1486," Smith LH Jr. Pyrimidine MetAoUsm In Man. 
A^^ Engt J of Med 1973; 288:764-772.) For orotic acid, this would «nount to 
app»Kn«ately 1000 mg per day. It is not beUeved to be necessary, however, to provide 
20 the entire daUy supply of pyrimidine since the salvage pathway provides some of the total. 
It is beUeved that die bioavaihbiUty of orotic acid is approximately 50%. Therefore, for 
oral administiation in an adult, an cflective amount of orotic acid would be about 500 mg 
to about 2.000 mg per day. A similar dosing is contemplated for TAU. 

For paiie;its being treated with a leflunomide compound, the targeted blood level of 
25 active metabolite (A77 1726) is suitably between about SO Hfi^mL and about 100 ^igftnL. 
The maintenance dose may be adjusted by one of ordinary skiU in the art to attain the 
desired blood bvel rangp of active metabolite. If pyrimidine deficiency is prevented wrth 

c -^iAi^^^^wmnmA the tarEfitod blood Icvel of active metaboUte 
co-administoation of a pynmrdme compound, me largcicii 

may be substantially W^er. eg. about 200 pg^ or about 600 ^M- 
30 Mnininalian transplant recipients, such as kidney recipients and bone marrow 

recipients, may he suitably treated in accordance with the pi^ent invention. TypicaUy. a 
human transplant recipient is administered a leflunomide compound at a dose of about 100 
xng per day for five days, and then 40 mg per day ther^fter as a maintenance dose. TTte 
coadministration of the leflunomide compound and a pyrimidine compound will^nd 
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the therapeutic dose of the tenunoiiude compound to more than 200 mg/patient/day. This 
method will prevcat the development of or reduce the risk of toxicity (e.g.. anemia, 
dianhea, hepatotoxicity) and will result in achieving concentrations of the leflunomide 
compounds that can suppress rejection. It is expected that the use of this naetbodology will 
5 allow up to lO^fold Of higher increase in dosage level of leflunomide compounds with 
minimal danger of developing toxicity to the patient. In other words, the present invention 
provides a method of administering a toxic dose of a leflunomide compound by 
admimstering an effective amount of a pyrimidine compound. By "toxic dose" or "high 
dose" is meant a dose of the leflunomide compound which when administered to a 
10 mammal such as a human often results in the toxic effects. e.fr. anemic and diarrhea as 
well as other patiiological changes. In humans, a high dose may be more than 200 mg per 

day. 

m administration of leflunomide compounds, toxicity-rcducing -effective amounts 
of the bioavailable pyrimidine compounds are co^ministcied to subjects with allogtafts 
15 ot xenografts, thereby ameloriating the toxic effects of the leflunomide compounds. i,e.. 
weight gain is promoted and hematocrit maintained, with significantly less risk of toxicity 
tt»n is observed after the same amount of leflunomide compoumi alon^ is administered. . 
Tie risk of toxicity, associated with the administration of high doses of leflunomide 
compounds, is lownsdbyco-administerinBtbe leflunomide Withapyrimidinecom^^ 

20 especiallyanoraaybioavailablepyrimidinecompound. Thus, the combination therapy fcr 
use in accordance with the present invention provides an improved therapeutic index 
dative to leflunomide co««.onnds alone given in com^entional pmtocols. the treatmart 
protocol in accordance with the preseni invention provides reduced risk of toxicity. <e.«.. 
improVed weight, gain and hematocrit) le.. little or no clinical symptoms or signs of 

25 toxicity. 

The pyrimidine compomids of the present invention given in the illustrated dosing 
regimen, thus, overcome the toxicities of leflunomide compounds and can be considered 
beneficial agents for the control and treamicnt of toxicity associated witfi treamient with 
leflunomide compounds. In such combination therapy, the leflunomide compound may be 
30 co-adrainistered with the pyrimidine compound concurrendy, sequentially, or in a unitary 
formulation. For efflciency. ease of administration and patient corapUimce, the latter is 
especially statable. 

A phannaceutical composition of a leflunomide compound and a bioavailable 
pyrimidine compound is suitably formulated in mrit dos^ fonn of about 500 mg to about 
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2000 mg of pyrimidine compomid and about 20 mg to about 100 mg of leflunomide 
compound. Lower doses of pyrimidine compound may be adequate for children or 
individuals with reduced clearance of pyiimidines. such as individuals with reduced 
kidney function or other conditions that inight reduce pyrimidine elimination. 

S The dosage fbrm of compositions of the invention is not particularly limited, and 

any fomi suitable for oral administration may be used in accordance with standard 
formulation procedures known in the ait Examples of dosage forms suitable for oral 
administialion include, but are not limited to. solid formulations and aqueous 
formulations. Solid formulaUons suitable for oral admimstraiion include capsules, tablets, 

10 powders or granules, and may include excipicnts such as lactose, ghicose. sucrose or 
nannitol; a disintegrator sudi as stardi or sodium algin^e; a lubricant such as magnesium 
steamte or tale; a binder such as polyvinyl alcohol, hydroxypropyicdliilose or eelatin; a 
surfectant sudi as fatty add ester, and a plasticizcr sudi as glycerine, and the like. 
Aqueous formulations suitable for oral administration include solutions, emulsions, syrups 

15 and suspensions. Sudi formulations may also include sugars such as sucrose, sorbitol or 
fructose; ^ycols such as polyethylene glycol or propylene glycol, oils such as sesame oil, 
olive ml or soybean oil. antiseptics such as p-hydrcocybenzoatc. and flavors such as 

stranvbeity and pqipentunL 

While, perhaps. less convenient than an oral formulation, it is also contemplated 
20 that the composiHons may be fomiulated for rectal adroinistrarion in accordance with 
standard formulations procedures known in the art. Examples of dosage forms suitable for 
rectal administration include solid suppositories, mucoadhesive suppositories, solutions, 
suspensions, retention raemas, gels, forms and ohrtmarts. 

K is fiirther contemplated that a dosage form of the compositions in accordance 
25 with the present hivention may be formulated for immediate release, delayed release or 
controlled release. Many controUed release systems are known in the ait (see eg., US- 
Patent 5,529.991). Sustained, controUed ox directed release compositions can be 
foroiulat^ e.g.. ia liposomes, via laser originated openings or those wherein the active 
compound is protected with differentially degradable <»atrags. such as by 
30 microencapsulation, multiple coatings, etc. 

For example, in diffiisional systems, the release rate of drugs is affected by their 
rate of diffusion through a water-insoluble polymer. There are .generally two types of 
dif&isional systems, formulations in which a «>re of drug is surrounded by polymeric 
membrane; and matrix devices in which dissolved or dispersed drug is distributed 
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substantidly unifonnly and throughout an inert polymeric matrix, to actual practice, many 
systems lhat utilize dif&sion can also rely to some extent on dissolution to determine the 
release nte. 

Common materials «sed as the membrane banier coat, alone or in combination, 
5 include bw arc not limited to, hard.:ned gelatin, methyl and ethyl^llulose. 
polyhydroxyroethactylaro, polyvinylaoetate, and various waxes. 

In matrix systems, three major types of material ai« frequently used in the 
pi^paiation of the matrix systems which inchide insoluble plasties, hydrophilic polymers, 
and fetty compounds. Plastic matrices which have been employed include methyl 
10 acrylat«-methyl methacr^late. polyvinyl chloride and polyethylene. Hydrophilic polymers 
include methyl cellulose, hydroxypropylcellulose, hydroxpiopyl-ethykcUulose.- and Us 
derivatives and sodium caiboxy-methylcelhilosc. Fatty compounds include various waxes 
s„ch as canmuba wax, and glyceryl tristearate. These matrix systems are prepared by 
methods wdl known to those skilled in flie art. These methods of preparation generally 
15 comprise mixing the drug with the matrix, material and compressing the mixture into a 
suitable pharmaceutical biycr. With wax matrices, the drug is generally dispersed in 
molten wax. which is then congealed, gramilated and compressed into cores. 

The most common method of microencapsulation is ooacervation. which involves 
addition of a hydrophilic substance to a colloidal dispersion. The hydiophiUc substance, 
20 :wMch operates as the coating material, is selected Efom a wide varidy of natt^ 

synthetic polymers including shellacs, waxes, starches, cellulose acetates, phthalate W 
butyrate. polyvlnyl-pym-lidone, and polyvinyl chloride. After the coating material 
dissolves, die drug inside the micioencapsule is immediately available for dissoludtm and 
absorpdon. Drug release, therefore, can be controlled by adjusting the thickness and 
25 dissolution rate of the coat For example, the thicfaiess can be varied ftom less than one 
Hn, to 200 urn by changing the amount of coating material from about 3 tp 30 petcent by 
weight of die total w«ght. By employing <Ufferent thicknesses, typically diree of four, the 
active agent will be released at difierent. predetermined times to aflforf a delayed felease 

effect. 

30 Approaches to fiirther reducing the dissolution rate include, for example, coating 

the drug with a slowly dissolving material, or incoiporating the drug into a foimuladon 
with a slowly dissolving carrier. Thus, encapsulated dissolution systems are prepared 
cither by coating particles or gramiles of drug with varying thickness or slowly «>hible 
polymers or by microeneapsulation. 



PAGE 49161 ' RCVD AT 2/27/2006 4:17:27 PM [Eastern Standard rime] ' SVR:USPTO-EFXRF-5/7 * DNiS:2738300 * CSID:3t2 474 0448 * DURATION (nun-ss):23-12 



PCT/US2005/026145 

WO 2006/014827 

■13- 

WHte it is contemplated that a umtaor oral fonaulation containing both a 
lefl^de compound and a bioavailable pyrimidin. compound provides ea^e of 
, administration and patient ccmplianoe. it is also understood that tb« compounds may b. 

1 »^ ftor in a blister pack, with instructions tor 

adiniiiisteTBd separately but packaged together. e.g., in a DU^^^ ^ 

5 administration. 

AlOxough examples of suitable dosage ranges are provided, it wUi be appreciated 
a,3t the specific dodges admirustered ir> ar»y given case be adjusted in accordance 
with the specific compounds bring administered. *c di^asc to be treated, the c^^tron of 
O^subject andcther relevant medical Sectors tbatn^ymcdifytheacti^ 

10 the response of the subject or the amount of Woavailable pyrimidine compo^ui ne^ as 
is weU known by those sldned in the art For example, specific dose for a pamcular 
patient depends on age. body weight, general state of health, diet, the timing and mode of 
.dministiation, the rate of CKoetion. and medicaments used in combination and the 
severity of the patticdiar disorder to which the therapy is applied. Dosages for a ^.ven 

15 paUent be determined using conventional considerations. e.g.. by customary 
eoinparison of the differential activities of the subject compounds and of a known agent, 
such as by means of an appropriate conventional pharmacological protocol. 

m following examples are provide to assist in a fimhcr under^ding of the 
invention. The particular materials and conditions employed are intended to be fiirther 
20 iUustrativeoflheinventbnandamnotlimhinguponthcre^ 

Example 1: Effect of orotir acid administration on rfflcaty of IdHmomidein Oie 
treatment of acute rejection 
Lewis Rats which received heart transplants flom Brown^Norway rats were 
observed for graft survival and inflammation (scored on a 0-3 scale, wifi. 0 bdng no 
25 inflammation). Treatments ir«:luded 0. 5, 10 or 15 mgflcg of Icflunomidc in combmadon 
widiO or lOOmgflcg orotic add. The results are tabulated below. 



1 
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Number 
animals 



8 



_8 
5 



5^ 
5 



PoSe leflunomide 



10 



10 



15 



15 



Dose orotic scid 
(mg/kg/day) 



Graft survival 
(days) 



100 



100 



6.9 



>30 



>30 



>30 



_0 
100 



>30 



>30 



>30 



iDflammatiOD 
score(Mean) 

(0-3] 



3.0 



2.0 



1.7 



1.8 



1.5 



1.6 



Adnmustiation of leflimomide reduced the intensity of the rejection reaction, as 
5 shown by flic inflammation score, in a dose^clatcd feshlon. Orotic acid did «ot 
significantly affect the cfiEcacy of leflunomide to «duoe the intensity of the rqcotion 
reaction. 

EiampleZ: Effect of orotic add on leflunomide toridly as measured liydianEes In 
body weight 

10 M noted previously, the most observed symptoms of experimental leflunomide- 

induced toxicity are anemia and diarrhea resulting m xveight loss or reduced weight gain. 
Lewis rate with either an allografl or xenograft weighing between 200 and 235 grams wore 
divided into four treatment groups. Each group received 30 me^ts/day of leflunomide. a 
high, toxic dose: Group I received leflunomide only; Group H received leflunomide plus 

15 36 mg«^day of sodium oiotate by gavage; Group ID received leflunomide plus 100 
mgftg/day of orotic acid by gavage; and Group W received 250 mgflcfi/day of uridme by 
IP injection. Weighlofeachratwasmeasuredat week I and week 4 post commencement 

of therapy. The results are tabulated bdow. 

GROUP I Ocflnnoniide only) 



Treatment*dosage 
(mg/kg/day) 



L30 



UO 



L30 



L30 



L30 



L30 



Weight at Week 1 
Gramfi 
234 



211 



241 



253 



246 



Weight at Week 4 



246 



236 



237 



264 



255 



203 



Change in body 



13 



25 



-4 



11 



253 L 



SO 



Mean: 20.^ 



20 
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GROUPU 



I Treatment-dos age 

:inc/kB/^l[i__ 




Weight at week 1 
Grains . 



L30 + O36 



UO + 036 



L30 + 036 



UO + 036 
L3Q + 036 
L30 + O36 



270 



244 



250 



205 
_198 

211 



Weight at Week 4 I Chaage w Dody 
graipg ' wcleht 



266 



235 



218 



267 



240 



262 




\ T! 



Mean: 18.3 



GROUP 



TreatnaBnt-dosage 
fmp /ke/day> 



Weight at Week 1 
Granu 



Change in body 
weight 




L30 + O100 
L30 + OlOO " 
L30 •»• OlOO 
UO+OlOO 



UO+OIOO 
L30+O100 




GROUP IV 



Treatment'dosage 



L3O+U250 



Weight at Week 1 
Grants 



Change la body 



L30+U2S0 



L30 + tJ2Sq _ 
U0 + U2S0 
L30 + U2S0 
L30+U250 




10 



_ -r • ' ^«finn^g/ifgner<lavof ieflMnomid^036refei&t(>36iBB/lcg 

250 mg/kgper day of uri<fine^ven IP. 

The resalte showed that the use of a combination of leflunomidc and on,lic acid or 
a salt thereof significanfly improved v^eight compared to use of leflunonude alone. 

Exan«,le 3. EtTect of orotic add on leflunontide totieity as measured by bematPCrit 

Tbe experiment of Example 2 was repeated in Lewis «ts and the hen^tocnt 
measured weekly &r four weeks. The rats receiving treatment were divided mto ^ve 
gronps wherdn each gronp received SO/mg/Icg/day lefl^omide, atoxic, high do^. GH,up 
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I received leflunomtde only. Group U received the leflunomide dose plus 36/mgrt.B/day of 
sodium o«,tatej group HI received the Icflunomide dose plus lOOme/kg/day of sod.um 
ototato- group IV received the leflunomide dose plus 88mgfltg/day of orotic acid; and 
V received the leflunomidc dose plus 25,0mgrt:g/day of uridine given IP. A ba^eUne 
hematocrit was measured, and hematocrits of each rat were measured at 1^4 po.t 
commencement of therapy. TTie results are tabulated below. 

GROUP 1 



TreatmBdt- 
dosag« 



L30 



L30 



L3Q 



1.30 



L30 



Hct 

1?VeekO 



51 



57 



54 



55 



52 



53 



Hct 
Weekl 



47 



52 



55 



49 



50 



53 



Het 
Week 2 



39 



54 



48 



46 



44 



Btet j Set 



Week 



31 



46 33 



37 



33 



Week 4 



17 



20 



30 



37 



41 



24 



22 



30 



Mean: 23.8 



GROUP n 



Treatnieiit> 
dosage 

fa p/kg/daiy) 



L30 + O36 



I30 + O36 



L30 + 036 



L30 + 036 
130 + 036 
U0 + O36 



Hct 
WeekO 



53 



57 



S3 



54 



51 



52 



Hct 

Weekl 



50 



50 



51 



52 



53 



49 



Hct 
Week 2 



48 



49 



39 



49 



40 



44 



Bet 
Week 3 



39 



32 



27 
47 



36 



30 



Hct 
Week 4 



20 



14 



10 



44 



35 



20 



Mean: 23.8 



10 



GROUP 



r Treatment* 
dosag£ 
(mgAtg/d 
L30 + O100 

uo + olog 



^o^^oloo 

L30 + O100 

L30 + OIQQ 
130 + 0100 




1 
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Treatment" 

dosage 
(msfks/iay) 


Hct 
WeekO 


Hct 
Weekl 

* 


Hct 
Week 2 


Hct 

Week 3 


Hct 
Week 4 


130 + U250 


52 . 


47 


48 


1 50 


46 


L30 + U25O 


56 


50 


51 


51 


49 


L30 + U25O 


54 


46 


43 1 


41 


25 


L30 + U250 


SI 


51 ^ 


48 


38 


24 


L30 + U250 


53 


49 


54 


51 


44 




54 


54 


49 


43 


38 


■ ' — Mean: J/./ 



Treatment- 1 
dqsage 


Hct 
WeekO 


Hct 
Weekl 


Hct 
Week 2 


Hct 
Weeks 


Hct 
W«ek4 


L3(H- OA88 


56 


50 


53 


52 


SO 


13(H- OA88 


54 


51 


S4 


52 


54 


L3(H-OA88 1 


52 


49 


44 ^ 


38 


32 






Meaii:4^.i 



The results dMnonstrated that use of the cowbinatioti of leflunonade and orotic 
add or sodium orotatc, provided significantly higher hematocrits than in the use of 
leflunomide alone. 

As used m this specification and the sppcnded claims, the angular foims "a." "an," 
10 and "the" include plural leftrents unless the content clearly dictates otherwise. Thus, for 
example, teference to a composition containing "a pyrimidine compound" includes a 
mixture of two or more pyrimidinB compounds, It should also be noted that the term "oi" 
is generally employed in its sense including "and/of unless the content clearly dictates 
otherwise. 

15 All publications, patents and patent appUcations tefewnced in this specification are 

indicative of the level of ordinary skfll in the ait to which this invention pertains. AU 
pubUcations, patents'and patent applications are herein expressly ineoiporated by reference 
to the same extent as if each individual pubUcation or patent application was speclficaUy 
and individuany indicated by reference. In case of confBct between the present disclosure 

20 and the incorporated patents, publications and references, the present disclosure should 
control. 
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The invention has been described with reference to various specific embodiments 
and techniques. However, it should be understood that many variations and modifications 
may be made v/hile remaining within the spirit and scope of the invention. 
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Wc claim: 



1. 

5 



2. 



A phaimaoeutical composition in unit dosage fonn for oral administration 
comprising an effective amount of a leflunomide compound; and an orally 
bioavailable pyrimidine compound, salts thereof or a combination thereof; together 
in a phannaceutically acceptable carrier. 

The composition of claim 1 wherein the pyrimidine compound is orotic acid, aialt 
thereof; triacetyluridine, a salt thereofi cytidine. a salt thereof an acylated cytidine, 
10 ^ salt thereof; or a combination hereof. 

3, composition of claim 1, wherein the unit dosage contains 500 mg to 2000 mg 

of pytimidine compound. 

4. The composition of claim 1 . wherein the leflunomide compound is leflw^omidc. 
A771726orBK778, 

15 5. The composition of claim 1. wherein the composition is formulated ftr contolled 
release. 

6. The composition of claim 1, wherein the composition is formulated for rectal 
admixdstralioiL 

7. A phaimaceatical composition comprising a formulation for oral administration, 
the formnlation comprismg a therapeutically effective amount of leflunomide,. and 
erotic add or a salt thereof; and a phaimaceutically acceptable carrier. 

A method of reducing toxicily associated with administration of a leflunomide 
compound to a patient m need thereof; comprising administering to the patient a 
toxidty-teducing amount of a bioavailablc pyrimidinc compound. 

25 9. The method of claim 8. wherein the pyrimidine compound is orotic acid, a «iU 

tbcreoC triacetyaluridinc, a salt thereof; cytidine. a S^tt thePSOi; an acylated 
cytidine; a salt thereof, or a combination thereof. 

1 0. nie method of claim 8, wherein the pyrimidine compound is admiiiistercd orally. 



20 



8. 
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ll. 



12. 



5 U. 



14. 



ID 



IS 



16. 



The method of claim 8. wherein the pyriinidme compound is administered in a 
daily doaage of from about 500 mg to about 2000 iftfr 

•me method of i;laim 8, wherein the pyrimidine compound is co-adraiTUStered 
sittbstantially simultaneously with the leflunomide compound. 

The method of claim 8. whei^in the patient is a recipient of a transplant. 

The method of claim 13, wherein the transplant is an allograft or a xenograft. 

The method of claim 13, wherein the transplant is a heart, a kidney or bone 
mainiw. 

The method of claim 8, wherem the leflnnomide compound is selected from a 
compoimd having 

a) fonnola OQ: 




15 



(ID 



wherein R, and Rj are independently selected fiom the group consisting of -CTi, -H. -CU 
-F. -Br. -CN, -COOH, -OCHj. -NH^C(>CHrf:i and -NH-CO<:H2Pr, 

orfeimula(IV): 
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wherein R, and are independently selected fiom the group consisting of -CF3, -H, -CI. 
-F. -Br. -01. -COOH, -OCH,. -NH-CO-CH2CI and -NH.CO-CH.Bt. and R3 is selected 
from the group consisting of C.^ alkyl, alkenyU Ci-s alkyayl, and Cm cyoloallcyi. 

17. A method of extending the dosage range of a leflunomide compound comprising 

A co-administering to a subject'. 

a) an effective amount of a leflunomide compound of formula (11): 




10 



(H) 

whendn R, and Ba are independently selected ftom the group consisting of -CF„ -H. -CI, 
-F. -Br, -CN, -COOH. -OCHj. - -NH-COCIfcCl and -KH-CO-CHzBr; 

or fonnuh (IV): 




15 wherein R, and R2 are independently selected fiom Ihe group consisting of -CF5, -H. -CI. 
-F, .Br, -ON, -COOH. -OCHs.-NH-CO-CHaa and -NH-^CHjBr. and R, is selected 
bom the group consisting of Cm atkyl C*^ alkenyl C« alkynyl. and C„ cycloalM; and 



20 



b) a toxicity-reducing amount of an oraHy bioavailable pyrimidinc 
compound selected fiom the group consisting of orotic acid, a salt 
thereof, Iriacetyl uridine, a salt theteo, cytidin^ a salt thereof an 
acylated cytidine, a salt thereof and a conihinatioii thereofc 
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10 



18. A method of administering a loxic dose of a leflunomide compound to a mammal, 
comprising admimstering to the mammal an amount of an orally Woavailable 
pyrimidine compound sufficient to reduce ihe toxic effects of the leflunomide 

compound. 

19, A method of reducing toxicity associated with Ihe administration of a 
iherapeatioany effecdve amount of a leflunomide compound to a mammal, 
comprising: orally admlnietering to the mammal a bioavailable pyrimidine 
compound selected ftom orotic add, a salt thereof, triacctyluiidine, , a salt thereof, 
cytidine, a salt thereof an acylated cytidine. a salt thereof, and a combination 
A t i« =™A«nt ftffecHve to teduce the to»city without bUx*infi ttienqietttlfi 




effect of the leflunomide compound, wherein the leflunomide compound is a 
conqKiund of formula (D) 



15 or formula (IV). 



20. The method of claim 19 wherein the pyrimidine compound is ortJtic acid or a salt 
thereof. 

21. A method of treating rejection in a transplant recipient comprising co- 
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administering a therapeutically effective amount of a leftuuomid. compotmd and a 
toxicity-reducing effective amount of bio-available pyrinudine compoimd. 

The method of claim 21, therein the pyrinudine eompomid is orally bio-available. 

The method of claim 22. wherein the pyrimidine compound is orotic acid, a^alt 
thaeof. triacetyl uridine, a salt thereof, cytidine, a salt thereof, an acylated 
cytidine, a salt thereof, or a combination thereof 

A method of achieving an effect in a patient comprising co-administering an 
cffecdve amount of a leflunomide compound and an effective amount of oK,tiC 
acid, a salt thereof; triacetyl uridine, a salt th«eof. or a combination thereoC 
wherein the effect is treatment of rejection of a tran^Iant. wherein the transplant la 
heait, Iddney or bone marrow. 

A pharmaceutical combination comprising a packaging having a pluiaUly 
containers, at least one container cont^ a leflunonude compound, at least one 
other conjainer containing a biosvailahle pyrimidine compound, and an 
iiistructions for co-adrntnistering the leflunomide compound and the pyrimidine 
compound to a subject who is a transplant rccipiait 



PAGE 60f61 ' RCVD AT 2/271200$ 4:17:27 PM [Eastem Standard Time] * SVR:USPT0-EF)(RF-S/7 ' DNIS:2738300 ' CSID:312474 0448 ' DURATION (innHS):23-12 



IWTEJINATIONAL SEARCH REPORT 



iDtcmfttiwl ttppUtaUcHi No. 



PCTAJS05/26H5 



CLNSSIFIQATION OF SUBJECT MATTER 

IPC(7) : A61K31/42 



AecOfdinR 

B. FIELDS SfiARCtgP 



Minifnunt 

U5. : 514/378 



documeDi-ttoQ ^earthed (ctefiificaUon sysion Wlowcd by s^^^^ cymbals) 



Dowmentfttfatt lurched other ihan Hiioimum documyildricitt w 



ihe cixiem thai such dflcumcott w indudcdia U» fields jcnrched 



-5; Wirr n^FNTS cS?SIDERED TO BE llELEVANT 



HtotFonic data baec consalted during the imcmuti 
WEST 



onal storeh (luuw* of dam bnw wd, where pmctiwblc. seareh imts u»cd) 




of document, vvidnndkutkm. whtfo M»nro|)TUH«:, of tht tclcvantpat^Siieea 



IJS 6.133^01 A(BARTLErT) 17 Ocuil>«r 3000(17.10^000). sec ciuire document. 



RfllevBiKt ID dvim No. 



1-25 



I I puithcf docuni CTCs are ligicJ in the caftUniMtitm ul'PtttC. 



n See pdtcnt fimilywncx. 



■or 



^^^^^^ ,*ocNnsKli(w«iam<M«abi 

10 ildlttd in Ihs ■( 



D5e of ihc KbuJ omipldiaa of the inteniftliuml scan* 



Naipc tsnd failing ^ ^AJS 

MdlSopPCT.AlknlSMIS 

X£uid». VopBii 223 U.14jO 
p8CTUiri)oNo.(571)27>3W 



Ditc of mailirB of the IntcmatioMl Bewth rcpofl 




Telephone Na<571)mi600 



Porm PCT/BA/210 (icamd shew) (April 2005) 



PAGE 61/61 ^ RCVD AT 2/27/2006 4:17:27 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF-5/7 * DN1S:2738300 ' CSID:312 474 0448 ' DURATION (mm-ss):23-12 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

V^^^LACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 
□/GRAY SCALE DOCUMENTS 

U LINES OR MARKS ON ORIGINAL DOCUMENT 

XFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
HER: " 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



